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I
PREFACE

ThU2 is Volume II of two separately bound volumes that report the

3 research completed under the general terms of the Office of Civil Defense

Subtask No. 3233B, "Radio1 Logical Recovery Concepts, Requirements and-

I Structures." This volume describet five supporting studies all previously

reported to the Office oa,! Civil Defense in research memoranda. Volume .

describes the general aspects of the investigations-and presents the

conclusions and rec9mmer•ations. The abstract for each of the volumes

is presented on the following pages.

ITe authors are pleased to" acknowledge the valuable computer assistance

of Mr. Quent.n Ludgin of the Research Triangle Institute during the course

of the project.

!
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I
i ABSTUACT FOR VULUME 1

U This study examines the effectiveness and costs associated with the

applieation of decontamination to accelerating recovery of an activity

3 in a postattack fallout environment. The effectiveness is measured in

two ways: first, by the fractional reduction in dose rate that can be

achieved by decontamination, and second, when the dose received during the

activity is specified, by the fraeitional reduction in denial time that

can be achieved by decontamination. The costaare described in terms of

if the personnel and equipment required for the decontamination, the radia-

tion doses received by the personnel, Mid the water required by the operation.

The recovery of an activity is defined in terms of radiation doses received

Sby the a.tivity perscnnel in performing the activity. When theme doosa

are reduced to an acceptable safety level by reducing the dose rate in

the activity area, the activity is said to be recovered. The above data

constrainta are expressed both in terms of the maximum total dose and in

Iterms of the maximum equivalent residual dose. The primary cono lusion

reached, that decontamination is as vital to recovery as shelters are to

survival in a fallout environment, io the basis for recommending further

Itudies analyzing the appLciation of decontamination to integrated whole.-city

recovery.

I
I



ABSTRACT FOR. OILUM4R II

Volume II contains five stuai••s eOceernead vithl deCeining e gCOtG

and effectiveness of decontamination apiplied to postattick trecovery in a

fallout environment. These studies covfer the following subjects,

(1) The Effect of Early Deconteei-ation an TotatDogez This study

describes the effect of a single (discrete) reduction in radiation intensity

-1.2(as by decontamination) on an individuala dose history in a t radiation

field;

1i d(2) The Effect of Early Decontamination on ERD: This analysis is like

[the first in describing the effect of a single reduction in radiation intensity;,

except that an individual's dose is measured in terms of his fERDI

[ (3) Total Dose Approximations for Brief Exposure in a P allout EnuviraTf• 'u.

Two approximations to the expression used to calculate total dose for a finite

kSexposure time in a t" radiation field are 'developed'and tho resultant error is

f extimated. The approximations are then used to detewmine the earliest time of

entry (for a fixed allowable dose) when a countermasi ure operations such as

decontamination is employed;

(4) The Effectiveness of Radiological Countermeasures in Acoelaratina

Postettack Recovery.: This study develops the parametric relationships that

d.,,ermina the extent to which radiological countermeasures could accelerate

the postattack recovery process; e.g., time saved in recovering an activity

as a function of the duration of the activity, the time when the activity was

to have cmmnenced, the allowable dose received by the activity personnel, the

fallout reference intensity, and the effect of decontamination of the intensity.

(5) Studies of Decontamination Effectiveness: This analysis is primarily

concerned with the costs and effectiveness of decontamination on and around

nine MrSS atructures, in reducing the dose rate inside or near the structures.

IV



A paramerric analys.i or' ZLJAtit.i- st-,-,atracrea is also included t examine

certain parameters (floor and vail weights, story of the detectori numaS•r

and size of apertures, etc.) in a controlled manner to determine their

contribution to dose rate reduction. .A similar parametric analysis is

made of streets and interseittions in at urban area.

!
!
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IIU ~Appendix A

The Effect 9f Early Decontaminwtion on.Tot& Dose

1. INTRODUCTION AND ESUIARY

In a postattack environment, radiation from the radioactive fatlout

jmay be sufficiently hazardous to force a cut back or curtailment in cert-Ain

activities involving personnel. Fortunately, the hazard posed by the

radioactivity does not remain invariant but, rather, diminishes with time

as radioactive decay takes place. This process of natural decay in field

intensity enables the curtailed activity to be resumed at some future time,

f which depends on the amount and type of radioactive material, Itf it is

desirable or necessary to resume activities before sufficient time has

I elapsed for the requisite reduction in intensity to have occurred naturally,

then the intensity must be reduced by other means. Decontamination is one

I means of forcing such a reduction. This study analyzes the effect of a

J forced reduction in the intensity in a facility (which may be the result

of decontaminating on or about the facility) on the total dose of the

personnel within the facility.

In the absence of a forced reduction, the total dose received by an

I individual up to time t is the area under his intensity vs. time curve up

to time t. Here, the intensity is that within the facility and therefore

the protection factor of the facility is absorbed into the reference

intensity factor 1(1). The intensity curv'e in this study (Figure A-3)

uses a linear function to describe the buildup of intensity and the function

A
i-AI



I(1)-1.2 to describe the subsequent decay. For any time t, the total

dose ab a fuact.orn of referencn• e n y , (1), And time of a•lvval. t

presented in Figure A-12. This "normal"ý total dose is ued in the aubtaq4uant'

development as a reference. That is, the total dose at some tilme after

decontamination has been performed vill be compared with the "1nol"111" total

dose that otherwise would have been received up tc the same time.

Decontamination enters the analyses as an instantaneous redudtion ft

intensity that takes place at time td. Before time td, the intensity is

not affected. For all times after time td, the intensity magnitude is

multiplied by a factor fd whose value lies between zero and one. Th.
dd

resultant dearease in total dose (for fixed time of arrival)~ will depend

on td, On fd) and, in addition, on the time after td ct which the total

dose is examined. At the conclusion of the analysis, the total does is

examined at infinity, at two weeks, and at the time at which the equivalent

residual dose associated with the "normal". total doso is a maximum. For

each examination and for various times of arrival, the ratio of total dose

with decontamination to normal total dose is presented as a function of

time of decontamination (td) and amount of decoatamination Qd). The effacts

of variations in these parameters comprise the primary objectives of this

analysis and are presented in Figurea A-20 through A-26.

In the analysis, fallout arrival times from .2 hours to 10 hours are

considered. Only times of decontamination operations beginning after the

time at which fallout deposition ceases are considered. Both zero and

finite operation duration times are considered. All possible intensiLy

reductions are considered. The results are displayed by the ratio of the

- A-2 -
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total dose with the operation to the total dose without the operation. This

ratio is evaluated at specific times that are applicable to thes vaue =

of interest; for instance, short range (weeks) or long range (months)..

Finally a method is presented so that the results can be appli.4_o sahy

desired buildup function.

3 II. ANALYSIS

I The majority of fallout operations studies have used the common faliout

decay law to describe the constraining radioactive environment. This decay

j law approximates the radiation intensity at a point by I(l) 1 ' 2  here

1(1) is a reference constant and t is the time after detonation in hours.

This expression is assumed to be valid in describing the radiation intansity

at a point from the time at which the fallout deposition is completed to

4000 hours after detonation. In actual operations it is necessary to

consider the effect of natural fallout deposition. This gradual buildup

of the fallout field begins at the time of arrival of the first fallout

particles, ta, reaches a peak in radiation intensity at tp, and in cmpleatd

when deposition ceases, tQ. The resultant behavior of intensity with time

is illustrated in Figure A-I..

Devaney (Reference A-l) references LaRiviare as suggesting the following

approximate relationships among ta, tp, and to:

t - 2 t t< 13 hr. (A-i)

p a 0.7 ta 13 hr. (A-2)

In addition, he suggests that, between ta and tp, the log intensity increases

- A-3 -
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iins. ly ith log t1ImA. That is. he suggests the following formulati n of

intensity be applied to the interval of time from ta to t :

Ik a(t-ta)

3 where k and Ia are constants that depend on the particular situatio•.

These suggestions provide a useful basis for constructing a model *t, "

includes the effect of ta on operations planning. The tMin of aZival is-

3 selected for emphasis because: 1) it strongly affects the done m• .tue

that a community can expect to receive; and 2) it i-s potentially valuable

as a reference time from the viewpoint of a community that is about to

schedule recovery operauiuns. With this direction in mind, it fa. covaen•.•t

to begin by simplifying the asove suggestions and combining them into a

j fallout intensity model.

First, examine Equations A-1 and A-2 as displayed by the solid lines

in Figure A-2. Rather th-an use these two equations for tp and t€ aasume

that t p and t€ occur simultaneously and use the broken line in Figure A-2

to represent both t and tc. That is, let t - te - 2.5 T. The constant

1 2.5 is selected to place the broken line between the solid lines for ta 1 10

and thus partially compensate for letting t p equal ta. The resultant

variation of intensity with time is illustrated in Figure A-3,

In Figure A-3, the following relation must hold:

I a (t-t) - I(l)t"1.2 when t - 2.5 ta (A-4)

This equation determines Ia in terms of I1() and t as follows:

I
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I(1) (2.5t) " 2 - 2-2.2

a 1.5t a -a

Equation A-5 and Figure A-3 aombine to define the total dose, Dt(t) as a .

function of time as follows:

.222 t4"2.2 f (X-ta) dx for t a t : 2.5 ta
a I

Dtt2 2sta - U
- 222t fa2"2 (x-ta) dx (A-6)

() a a a
t -1.2
2.f5t~.5+ t a

2 ,5ta a 3 '

which reduces to

.111ta"•a 2 (tta)2 for a t •2.5t : i
!L()0 (A-7)

4.41ta'O02 -5 t"0.2 for t ? 2.5 ta 3
This expression for total dose will be used in the subsequent discussion,

It will be used to analyze operations within the first few weeks after fallout

arrives. Equation A-7 is shown in Figure A-4 by five curves, each of which I
assume& a specific value for ta, The values selected for ta are, in hours, 3
1, 2, 4, 8, and 16. In addition to these five curves, a sixth curve repre-

senting the equation I
D t(t) t -1.
t( I -"f x '1 "2  dx (A-8)

, I
An analysis using the more complicated ERD is presented in Appendix B.
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is also presented. This sixth curve is the total dose curve that does not

account for the buiidup period. This curve amawnes that all fallout is

instantaneously deposited at t -1 hour; that is, at-one hour follovin6

detonation. -On eAch of the fiv* ouco..thit ,do eanois-t. for, the bUildup

period, an arrow is placed -to ihicastO tsbe te- *-t occurk. 'ftcii tha curves

in Figure Aw4,1 the totil. dome 4.4. futictiohi of 'time, c~n! bi - et~zmited for -

any applicable! refereneesis tens ityj 1(1)ý, and, any- of the sopecified times-

of arrival.3

A predicticn of the radiation hamnid-(total. dose) f~f a particular

commcunity begihs with the selections of` a reference curve on the basis of the

weapon, the burst height, ground &or .of indticed radiation effects, and the

weather conditions. This curve,.labeled _1tieference eni -vol in Figure A-4

assumes that all fallout deposit~ion t'4t will occur naturally does, ini fact,3

occur instantaneously at t - I hour. 77t ddes not accoun~t for the natural

buildup of the fallout material. Thersfo~jtq the reference curve then must3

be modified to account for time of arriva~and buildup period. In Figure

A-4, the five curves for selected values of ta illustrate much a modificationI

for different times of arrival. It can be seen that this modification is3

independent of 1(l), which is one reason for presenting the curves in a

normalized forms (by dividing each by the reference intens ity, !(lh I
Figure A-4 views the done history of a co~muunity froms the eyes. of an

outsider because the reference time, t -0, is the time of detonation.

Therefore it to worthwhile to modify these curves so that they reflect the3

view point of an insider wl~ose reference time is more conveniently taken

in terms of the time of arrival, t a. This is done in Figure A-5, where the3

-A-10-
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data in Figure A-4 are reinterpreted so that tor all cases the insider first

noteI, the arrival of fallout at time one hour. Therefore, in Figure A,-5, the

labels on the curves (ta , ta a 2, . . .) indicate the number of hours 3
before t - 1 that the detonation actuatly occurred. This is the only

a

difference between Figures A-4 and A-5; that is, the viewpoint 4r reference 3
time distinguishes Figure A-4 from Figure A-5. As in Figure A-4, the arrows

in Figure A-5 indicate when the insider witnesses the cessation of fallout

deposition. The effect of ta as shown in Figure A-5 becomes more evident 3
when uniform scales are used rather than logarithmic scales. Therefore, the

curves in Figure A-5 are redrawn to form Figure A-6 by merely changing the I
type of scales. In this figure it is interesting to note the wide variation

due to t in the total dose that would result from an indefinite (t - )Ia

stay in the area if the decay law remains valid out to t n m. For all curves, 3
the same reference intensity, I(1), would have been predicted; only the

actual time of arrival is varied.

From the data presented in Figure A-6, a new set of data can be obtained

by normalizing the curves so that the total dose resulting from an indefinite I
stay in the area, rather than the reference intensity, is the same for all 5
curves. This situation is illustrated in Figure A-7 where the fraction of

potential (t - w) dose is presented as a function of time. It bhould be 5
clear that all curves asymptotically approach unity. This aet of curves

illustrates the effect of ta and the buildup period on the dose history when I
the potential dose is held invarient.

The arrows in Figure A-7 again represent the times at which fallout

deposition ceases, This cessation of fallout deposition for all five cases 3
- A-12 - 3
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in Figure A-7 is seen to occur when approximately 6% of the infinity dome 3
has been received. This effect can also be seen in Equation A-7 as follows:

Dt(t - %) - 4.41 t a-.2 () , (A-9)t a
D-(t - 2.5 t 4.41 t- T(1) -5 (2.5t)•. 1(l) - .245 t - (I) , (A-lO)

Dtt = a) fi.4ta -- a . a

and there'fore

Dt (t 2.5 ta) .245 ta -.2 ) . "0
D.tw -056 06 A-1D(to,) 4.41 t "2 1(1)

This interesting "result" is a characteristic of the particular modal that is

represented by Figure A-3 and Equation A-5. If the model is reasonable, then 3
the dose received prior to cessation of fallout deposition is predicted to

be approximately 6% of the infinity dose or, more conservatively, less than I
10% of the infinity dose. In subsequent analysis of operations that begin 3
at t - 2.5 and ta w tp, the actual calculated value, 5.6%, will be used to

represent the percent of infinity dose that is received during the buildup I
period.

From Figure A-6 it is interesting to rework the data and display the i
effect of ca in a slightly different manner. Consider the ratio of dose 3
received within a fixed interval of time beginning at time t to dose receivedP

up to time tp. This ratio as a function of ta is displayed in Figure A-8 3
where four intervals of time (5, 10, 15, and 20 hours) are considered.

From this figure and Figure A-7 it is easy to see that the rate at which I
dose accumulates ig strongly dependent on the time of arrival, t . g

The preceding discussion displays the affect of fallout arrival time on

- A-14 - I
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the manner i, WtWch -radi-liton d.one is reeeived. The presented data are applicable

to any predicted H + 1 reference intensity, I(1). The applicability of the data

is, therefore, independent of any material attenuation of the radiation that

may exist. The curves may be applied to people in or out of facilities by

merely dividing D(t) by the appropriate protection factors of the facilities I
of interest.

The data developed in the preceding discussioni can also be used to

display the effect on the individual of a reduction in intensity brought I
about by an operation sdch as shielding, decontaminating, and so forth. In

the following discussion, the operation will be assumed to be decontamination. I
Its effectiveness, fd' is measured in terms of the reduction in intensity I
where the individual is located, due to the decontamination operation. That

is, if the intensity in the absence of any decontamination operation would be

I(t) for any t, then the intensity at some time, t , after the performance

of a decontaminatic• operation whose effectiveness is fd would be I*(*) 3
where

I (t) fd (t*) (A-12)

The effect of this process on the individual is displayed by giving the

individual's dose curve both with decontamination and without dccontamination I
and by then comparing the two curves. This comparison is developed first j
for the simple case where decontamination is assumed to occur instantaneously;

that is, where zero time is required for the entire process of decontamination. 3
The finite time will be developed laLei: in this appendix.

-
- A4-6 -
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SConsider the dose that is received as a function of time when the time

of arrival, t a - 2 hours. This curve in Figure A-7 in redrawn and presented

as Curve 1 in Figure A-9. Next, assume that the fallout cloud itself is

decontaminated and that fd - 1/3. The resultant dose an a function of time

is presented as Curve 2 in Figure A-9. Curve 2 is merely 1/3 times Curve 1.

Curves 1 and 2 therefore bound the region in which any dose curve corresponding
Ii

to decontamination at time td with fd w 1/3 must lie. When td is greater

than 2.5 ta then the actual dome curve can be constructed by appropriately

combining Curves I and 2.

J The appropriate combination ie very easy to construct. As an example,

let td - 10 hours, and fd - 1/3. This means that at t - 10 hours, the

intensity in the facility is instantaneously reduced by a factor of 1/3.

I Prior to t - 10, point a, Curve 1 describes the dose history. After t - 10,

point b, Curve 2 describes the behavior of dose history. To describe the

dose history after t - 10, Curve 2 must be shifted upwards until point b

is superimposed on point a. Curve 3 is Curve 2 shifted up to meet this

condition. The combination of Curves 1 and 3 that describes the dose

I history is indicated by the dotted portion of the two curves in Figure A-9.

If td had been greater than 10, then it would have been necessary to shift

1 Curve 2 up further to meet the necessary condition as follows: Curve 2 is

shifted upwards until Curves 1 and 2 intersect at td. This process results

Sin the correct dose curve only when td > 2.5 ta.

I For t Ž 2.5 t , Curve 1 is given in Equation A-7 as follosa:

DtlD 1(1) (4.41 ta - 5t 2 ) (A-13)

1 - A-li -
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Curve 2 is, for tŽ 2.5 ta,

Dt 2 (t) - fd 1(1) (4.41 t a - t (A

Therefore, Curve 3 is, t1

S 3 (t (t) t d

Dtl(t)+D 2  -t) Dt 2 (td) t > td

D Dtl( t t < t d (A15

~D~i~t) (A-15) i
i - fd) Dtl(td) + fd Dtl(t) t > td I

TVe value of decontamination can be measured by the ratio of infinity

"dose with decontamination to infinity dose without decontaminationi that is,

by the value ratio R where i

D :3 (t = .)

R = U) I

f Ed+ (1 - fd> Dr; (td)
d d) Dtl((A-6)

However, from Equation A-13

Dtl ) 4.41 I(1) ta-. 2  (A-17)

and

-. 2 _ 25 td' 2 (A-18)

so that I

- A-20 - I
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S(1 - fd) (I - 1.13 (4)")d - (A-19)

This equation expresses the effectivmuess of instantaneous deconraminat=Ln,

i R , as a function of decontamination effectiveness, fd; time of arrival,

g a; and time of decontamination, td' This relationship is displayed in

Figures A-13 through A-15. Together, these figures display the result

of any instantaneous decontamination effectiveness, fd' that become efftetive

at any time td k 2.5 ta, for any time of arrival ta, and any initial refarenee

i intensity, I(1). However, before interpreting and discussing theme figures,

it is worthwhile first to examine decontamination that does not occur

instantaneously and show how it may be related to instantaneous decontaminatiou,

JWhen the decontamination process requires a finite time, T, the process

will be said to begin at time td and to end at time td + T - te. The

j resultant dose will be described in conjunction with Figure A-0O. In

Figure A-10, Curves 1, 2, and 3 are the same as the corresponding curves

in Figure A-9. Curve 4 is the curve that would apply if the decortamination

U occurred instantaneously at time td - 25. Therefore, if td 0 10, and T - 15

so that td + T  -t - 25, then the appropriate dose curve would lie between

1 Curves 3 and 4 and would be identical in shape to Curves 3 and 4 for t k 25.

The curve t:hat will be assumed appropriate is labeled Carve 5 and is located

midway between Curves 3 and 4. In constn:cting Curve 5, the only new

j assumption used is the dose history between t - 10 and t - 25. It is

assumed that during the process the dose will be halfway between the curve

for no decontamination, Curve 1, and the curve for instantaneous decontami-

nation, Curve 3. Therefore, Curve 5 is located midway between Curves 1. and

3 at the conclusion of the process, t - 25; and, this locates Curve 5 midway

I - A-21 -
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between Curves 3 and 4. The resultant curve is therefore represented by

the dotted portions of the several curve zesqaw..

Once again, it is useful to examine the value of this doconitas•l•can

in the same manner that the value of instantaneous deoootmOUaM VAS

examined. Let Curves 1, 2, . . , 5 in ligure A-10 be repwrsattod by .

Dtl(t), Dt 2 (t), . Dt(t), As befaoe, Dt2(t) in merel7 fd Dtl(t)"

The value of decontamination is then the ratio, R , of infinity donefS

with decontamination to infinity dose without decontamination; that Is,

D t(t = M)
R G - D i * (A-20)

For t a 25, the following holds:

Dt5(t) - Dt4 (t) -1/2 ![Dt(to) - Dt,(te)]

(A-21)-,sx
I f dDtl(t) + (1-fd)Dtl(te) - 1/2 [Dtl(te) 'dDtl(ts) (1.-d)Dl(td)l

l " £d~d tO(t)" + •2 [tl(td), + DUNt)] I k-2

and 
therefore 

Mcc = d + L Dtl) +()

Recall from Equation A-13 that

Dt (t) I(I) (4.41 t 2 - 2) (4-24)

f or t 2 td.

Combining Equations A-23 and A-24 the ratio R becomes,

I A-23 -
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l - t .- . + • -. -
R f + (1-f -) 113 %J. .L ts "-

Now, define an effective decontamination time, t ff , as followý

t •- 2 /2 (td"' 2 + t."'2) (-26)

Using this effective time, teff, the ratio, R, becomes

R - fd + (1-fd) (1-1.13 (Aw27) -....

which is the same as the R for instantaneous decontqminition as given by

Equation A-19. This is the reason for delaying the interpretation end

discussion of Figures A-13 through A-15. Although developed for Instanta eots. 3
decontamiTation, they also apply to finite time decontamination by warely

selecting an effective time on the basis of td and -T accordinlg to Uquatioil

A-26. Figure A-i1 has been drawn to represent Equation A-26. It given

teff as a function of td + 1/2 T for selected values of T.

The preceding analysis can be suinmrited with tour figures. Tho first, j
Figure A-12, replaced Figurea A-i through A=6. Whan tha tine of arrival,

tas is specified, the total dose Dt(t) can be determined from the figure j
for any time, t, less than one thousand hours, and for any reference

intensity, 1(l). This figure represents the following equation: I
-. 2 I.t ta 2

D 4.41 - 5 (•)" for ta 2.5 IA-2B)
1 (I) a°

This curve will be celled the generalized total dome curve. It is normalized I
both with respect to ta and with respect to I(1).
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Figures A-13 through A-15 express the following forms of Equation A-19:

R a d + (1l )(1-.13 rd -.. (A-29)

R . 1~.13 (t~. + fd [ 1l3 -A .2 (A-30)3

and I

S1 - .883 (1-R c d\ (A-31)

all for d I> 2.5. These three figures display the various trade-offs of I
taI

interest that exist in the decontamination process, Figure A-13 shows the

relationsh4 p between the value ratio, R , avd the time of decontamination,

td' for fIxed levels of decontamination effectiveness, fd' Figure A-14

shows the relationship Letween the decontamination effectiveness, fd' Vad

the value ratio, R , for a fixed times of decontamination, td. Figure A-15

shows how rd and fd can be varied without changing the value ratio, R . All

three figures are presented for cases where fd and R are less than 1.0.

However, it should be recognized that the presentation could have covered

cases where f and R were greater than 1.0 because the governing equations

are valid for both situations.

These figures are most useful in obtaining an uncluttered appreciation

of the trade-offs that exist along with a rough approximation of their I
behavior. Although the curves are exact, they must be viewed as a rough

approximation because the value ratio is evaluated in terms of infinity

dose (t - g) whose applicability has not yet been discussed. The ratio I
was evaluated at t - w to obtain a simple approximation of the trade-offs

and their general behavior. To obtain a second approximation it is worthwhile

- A-30-
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I
to determine a more appropriate time at which to emaluate the valta' r*et!l.I

in Such a time will be selected on the bailS of mquiwmu ruiusl 1  --es-dual-

3 DR(t), rather than total dome. Dt(t).

The Blair theory regarding the rate of recovery as qtoed iLu

(Reference 1) is sbown am curve WI in Figure A-16 along with an affre~ti

curve which will be used Lu the followivq discssion, curve W. ZIP

approximation is used throughout the interval of time, 0 to 500 how.

which, as will be seen, encompasses the ti*A interval of Interest in this

analysis. Using this approximation, the equivalent re•idual dose, DNot)

{ can be expressed as folloes:

D•(t) - J (.1 + .9 (1 - GOt- x))W 1(x) dx O-2)-
0

where, from Figure A-16, a is .00085. Inserting I(x) am expressed in Figure.

A-3 and Equation A-5 this becomes

DR(t) - (I - .9at)I(l) (4.41t-2- _t + .9M~') (24t . + (A-33)

This equation in a normalized LrM is displayed along with Dt(L) JA FiLure A-17

for ta W 1, 2, 4, and 8 hours. In this figure it cAn be seen that the maximanm

equivalent residual dose occurs prior to t - 300 hours. More mpecifically,

the maximum can be determined by setting the derivative equal to zero. This

process results in the following equation for t max

t ax 2 + 262 t ax - .883 ta , (A-34)

which is presented in Figure A-18. From this figure, the maximum is seen to

lie between 175 hours and 336 hours when ta lies between 1 hour and 10 hours,

- A-31 -
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i
SThe normalized value of DR(t) when t t m is presented in Figure A-19

as a function of time of arrival, t .

3 From tha resultant times at which max DR(t) occurs' it i' obvious

that the validity range of the expression used to approximate the reoovery

I process is more than sufficient. In addition, it can be seen that the

I max DR(t) will occur before two weeks (336 hours) for t4 • 10 hours. For

this reason, two weeks, or 336 hours, is selected ts the evaluation tine

for a second approximation. This time, 336 hours, is selected as a logical

time that is indepeudent of ta at which to evaluate the deconteminatiom

11 value ratio.

In addition, the value ratio will be evaluated at that tim when,

for a given time of arrival, the equivalent residual dome, DR(t), reaches

j+ a maximum. Obviously this latter evaluation time will not be independent

of to.

For these last two approaches to the value ratio, Equation A-16 can

be rewritten an,

X d d) - tl(x)

where x is the time at which the value ratio is to be evaluated. Upon

Ssubstituting Equation A-13 for D (.), the above expression becomes:
ti

1 1.13 ta 2 td .2

RX"' Ia )1 11 tda. . (A-36)
1 -1.13t x

| a

When x is sufficiently large, t619 expression reduces to Equation A-19

for R

I - A-35 -
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ta, and td . Bfore graphically displaying these trade-offs, it is worthwhile

3 to review the meaning of, and constraints on, the various parameters and the

equation itself. The leait complicated parameters are Ed and td. Together,

they describe the decontamination (or similar type) operation. As a result

Sof the operation, the intensity is reduced by a factor f,. %ben the oper#tion

is ineffective, fd - 1. Wheu the operation is perfect, fd - 0. This operation

4 takes place at some time td, which must be after the deposition of fallout has

ceased or, mathematically, must be during that time when the intensity behavior

I is adequately described by the t'1.2 decay law. Because fallout depoastion

1 ceases at time t a 2.5 ta in the buildup function used to develop the equation,

the equation holds when td is greater than 2.5 t . That is, if the L:m of

I arrival is one hour, then decontamination is not performed before 2% hoursa

if the time of arrival is 3 hours, then decontamination is not perform•a

I before 74 hours. Briefly, the equation assumes that decontamination will

not be performed before the fallout is all deposited.

Contrary to expectation, the buildup model (Figure A-3) used to develop

j Equation A-36 does not preclude the application of the equation to other

fallout situations. The buildup model is only used as a vehicle for intro-

Sducing the parameter ta into the equation. The equation is valid for any

different buildup model that uses a time of arrival, ta. In such a case it

is only necessary to determine the proper correspondence between t* and the

t used in Equation A-36. This correspondence may be determined from the

following expression:

-. 1____2
t-a .41 1() f c f(.) dx + 1.13 t''c (A-37)

t
a

- A-37 -
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where t in the time of arrival, f.
t is the time of deposition censation, and

f (x) is the Intensity-time bshavi4z of the anw buildup model.

This expression will be completely developed in Section InI belam.

The two remaining parameters, R and x, are the most complicated

parameters in Equation A-36. To keep %r compatible with Rquation -16 I
R is:

x

RX D t(x) with decontamination (A38
D = W(x) without decontamination '

where x is the time at which the total dose expressions in the ratio are

evaluated. The complication lies in selecting the proper x, or equivalently,

in interpreting the results that arise when a particular x is selected.

In either case, both the selection and interpretation a-r tantamomt to value I
Judgments. When concern is focused on short range recovery and survival, I
the tendency may be to examine the ratio evaluated at short range times;

that is, at lesser values of z. When coneern is foused on long range

recovery, the tendency may be to examine the ratio evaluated at long range

time; for instance, at x - a. Three examples of appropriate x's are I
presented; x - a, x - 2 weeks a 336 hours, and x - that time when the D I
is a maximum (between 330 hours and 175 hours, depending on t ). The ratio

RX for particular values of x is the fracricnal reduction in total dose I
(and, therefore, irreparable dose) that results from the performance of the

operation (see Equation A,38). Btecause the actual interpretation will depend I
on the manner in which Equation A-36 and the descriptive curves are actually 3
usedi, the preceding remarks are brief and intended only as examples of

- A-38 - 1



considerations that will arise in using the diaplava that follow. The

first display, Figure A-20, shows the trade-offs that exist between fdIand t d for specified values of R336 and ta. The corresponding display!

for R was presented in Figure A-15. These curves define the limits of

operation performance that will achieve a specified result. For example,

consider a particular geographical area where the time of fallout Arrival,

tat and reference intensity, I(1), combine to produce a very serious

situation. When these two parameters ta and T(l) are specified, Figure

A-12 will predict the dose received up to any time t. Figure A-20 shows

the range of reduction operation that can bho performnd (t aud f ) to

achieve the particular dose reduction when concern is short range (x a 336).

As an example, let ta a 4 hours and I(1) - 1000 R/hr. From Figure A-12, at

t -336 hours, the preducted dose is 2.35 I(l)t 2 - 2.35 x 1000 x .76 - 1786

roentgens. If it were desired to reduce this to 600 roentgens, or by a

factor of -2- 34, then the fd and td combinations that would achieve1786 d '

this result are located using the labeled dashed cue on Figure A-20.

Figure A-15 showed the trade-offs when the concern was long range (x as.).

Me se-'ond display, Figures A-21 and A-22, shows how the fractional

reduction in dose, R.36, varies when the reduction in Intensity, fd' is

changed for specific times of arrival, ta, and of decontamination, td,

(The long range consideration, x - o,, was displayed in Figure A-14.1 The

two figuues work together. Figure &-21 presents the trade-off for t a"

hour and ,igure A-22 is used to interpret the Figure A-21 curves for other

times of arrival, That is, from Equation A-36 it can be seen that each

curve in Figure A-21 is not restricted ro the time t and td with which

- A-39 -
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they are labeled. Instead, each curve is applicable to a waulti.ztue of

ta, t d combinations. The set of combainations that applies to each curve

in Figure A-21 is given by each of the four correap-nding curves in

Figure A-22. The turves in both Figures are labeled 1, 2, 3, ad 4 to I
establish easy recognition of the proper correspondence.

The third display, Figuree A-23 thrTogh A-26, shows how a given

intensity reduction, fd' will achieve different dose reductions when

the operation time, td, is varied. This effect is portrayed for tives

g of arrival 1/3, 1, 3, and 9 hours and for valuei

of es, 336 hours, and the times when the equivalent residual dose is

maximum (see Figure A-18). From this set of curvts it is easy to dutztcmine

the wide variation that exists in the magnitude of the yaluo., ý and

that results from fd' tdO ta, and, most vividly, x. Thesi variations

in the value ratio, R , are of two distinct and different types. Most

important for operation planning is the variation that results when fdO

t d and t are varied. These variations 'result from the manner in which

the decontamination operation is performed. In contrast to these arc the

variations in X that occur when x is varied. These variations have

nothing to do with the decontamination operation. They only reveal the

effect of the time at which the value ratio is examined. To emphasize

this effect, several of the curves for f. M 0 and fd 8 .8 are combined

and presented in a different manner in Figure A-27. For t - 1, Figurea

A-27 shows the variation that results when the time at which the value

ratio is evaluated is changed. It can be seen that the variation is greatly

dependent on the reduction In intensity, fd" For low values of d' the

SA-/,-3 -I



variation due to x is greater than it is at high values of fd' 3
Figures A-28 to A-31 show an entirely different effect. An

examination of Figures A-23 through A 26 reveals that as one goes to 3
lower and lower values of fd' the return as measured by Rk becomes

iess and legs. This effect is displayed in Figures A-28 to A-31, one for

each of the times of arrival 1/3, 1, 3, and 9 hours. The value ratio, I
R, was presented as a function of fd in Equation A-36. The limiting RX

(or "best" R%) is reached when fd - 0 and can be expressed as as 3
follows:

S 1- 1.13 t 2 td .2

R - .3. 2  -2 (A-39)1x" 1.13 ta'2x'

Consider the td a and fdIs that result in a value ratio that is

within 10% of the theoretical limit. That is, let i
Rx-1.1 R (A-40)

x

Substituting the equation for R and (Equations A-36 and A-39) into I

Equation A-40 results in the following relation among td, fd' and x:

11.3 fd M ta 2 -1.13 t d (A- 41)d td-'.2._ x .,2

This relationship is displayed in Figure A-28 through A-31 for 2 values of I
x and 4 values of ta. These displays show the fd that must be achieved to

result in a value ratio that is 90% of the theoretical limit when the time

of decontamination td is fixed. This may be interpreted as one possible

curve for diminishing returns in the value of fd' The shaded portion of each

Figure is the regiou swept out by the curve as x goes from 336 hours to •.
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j AfThe effectiven.ees of decontamination operations in reducing total dose

received by an individual has been approached using a linear fumction to

I approximate fallout radiation intensity buildup (See Figure A-3). As

previously stated, this linear approximation was used only as a vehicle

to introduce the parameter ta into the final results. It does not limit

the results to situations where the buildup is linear. For e*=Wle, consider

the buildup function illustrated in Figure A-32.

V FIGURE A-32

General Buildwu Function

1*

OP timet Wt 6t
a c

At some time t (t ý to) (See Figure A-32) the total dose is,

S*(t)- f(x)ex+ f I(l) 1*2dt (A-42)

t t1a C
At this same time t, the total dose for the model used in Section II

I (Figure A-3) is, for r L 2.5 tat

I - A-61 -

|



I

Dt (t) -I(1) (4.41 t 5t --

If there exists a te(ta ) such that D*(t) - D (t), then the results ofai ai r e n

Section II may be applied to situaLions where the buildup in Siven by

Figure A-32. The function t (t ) exists and ih found as follows:

t

(M (4.41 ta-.2 . 5 tC.2) -, f(x) dx + 5 I(1) (t* - t2 ), (A-44)

t

or, *tc

.2 *. -45)4.41 1(l) f f(x) dx + 1.13 t (At a

which is the doesred function for the new buildup functLon f(x). As an I
example, consider the function in Figure A-33. g

fr FIGURR A-33

Alternative Buildun Function 1

I
I ~timeI

A-62 -
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t- -. . .T -- 2-1.2 Euation A-45 then becomes

I- 2"-"2 I(1) t: 2 2t a, . .. *.-.2

-.2 ".2 z1.2 IM t*2ta(x - t )dx + 1.13 (2*
t a ~4.41 1(1)aat

- 1.033 ta t

(.85 t* -. 2 (A-46O)

j or
at = ,85 t . (A-47)

Therefore, the curves ta - 1, 3, 9 would be read am tu 1.18 3.53, 10.6.

1 As a second example, consider the function in Figure A-34.

I 4 FIGURE A-34

Alternative Buildup Function

I I*

I IM time

ta t 3t

To maintain continuity, if f(x) is a sine function in the interval [ta, 3 tal,

1then

2L (3 t*-- 1. + -sin (t-2 t*)] (A-4)

- A-63 -
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Therefore, Equation A-45 becomes 3

t-.2 1 f3 5 t I (3 t*)I .2 (1 + sin -X (t-2 t*51 dt (A-49)3
a 4.41 I(l) 2 a2

32 t

t

+ 1.13 (3 t*) 

3

-1.2 -,2 *-.2
TO + 3.2 1.13) a, (A-50)

* I
or(1.183 ta) ,(A-51)

or

ta 1l.183 t (A-52)I
a*

Therefore, the ourves ta 1, 3, 9 would be read as ta a .845, 2.53, 7.6, 1
respectively. From the examples and precediug discussion, it can be aecnft

that time of arrival and nature of the buildup function are used for !

presentation convenience and the results obtained do not depend on them.

The main assumption in the development is the t" 1 .2 decay law, The I
precision implicit in the results depends on the precision with which the

t"1.2 decay law models reality. However, in the process of using the

results for prediction and planning, any error that results from using i
this decay assumption will be minor when compared to the error due to other

assumptions that must be made in attempting to apply the theory. I

!
I
I

- A-64 -
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Appendix B

The Effect of Early Decontamination on Equivalent fesidual DoseI
I. INTRODUCTION AND SUMMARY

Appendix A analyzed the effect of a reduction in the intensity in

a facility (which might be the result of decontaminating on or about the

facility) on the total dose of the personnel within the facility. To

complement this information, the present study analyzes the effect of a

reduction in the intensity in a facility on the equivalent residual dose

(ERD) of the personnel remaining within the facility over the whole time

period of interest.

The ERD of an individual at time t is the area under the appropriate

portion of a weighted intensity vs. time curve. Here, the intensity is that

within the facility, and therefore the protection factor of the facility

I is absorbed into the reference intensity factor, 1(1). The intensity

I curve used here employs a linear function to detarOTlha the buildup of

intensity and the function I(l)t- 1 , 2 to describe the subsequent decay. For

any time t, the ERD as function of reference intensity, I(1), and time

of arrival, ta, is presented in Figure B-3. This "normal" ERD is used in

the subsequent devel.opment as a reference. That is, the ERD at some time

I after decontamination has been performed will be compared with the "normal"

ERD that otherwise t•ould have been received up to the same time. Following

this general development, attentiou is focused on the maximum value attained

by the "normal" ERD as a function of the referer,'ec intensity and time of

I arrival. The behavior of this maximum ERD iq illustrated in Figures B-4

and B-5.

- B-i -!



Decontamination enters the analyses as an instantanenut reducti,on

in intensity that takes place at time td. Before time td, the intensity

is not affected. For all times after time td, the intensity magnitude

is multiplied by a factor fd whose value lies between zero and one.

The resultant decrease in maximum ERD (for fixed time of arrival) will

depend on td and fd' For various times of arrival, the ratio of maximum

ERD with decontamination to normal maximum ERD is presented as a function

of time of decontamination (td) and amount of decontamination (fd). The

effects of variations inthese parameters comprise the primary objectives

of this analysis and are presented in Figures B-13 a, b, and c. I
In the analysis, fallout arrival times from .2 hours to 10 hours are I

considered. Only timea of operations later than the time at which fallout

deposition ceases are considered. Both zero and finite operation duration I
times are considered. All possible intensity reductions are considered.

The results are displayed by the ratio of the maximum ERD with the operation I
to the maximum ERD withouL Lhe operation. In addition a methnd is presented i
so that the results can be applied to any desired buildup function.

II. ERD WITHOUI DECONTAMINATION I

The effect of decontamination on an individual's ERD will be determined I
as a function of both the fallout intensity characteristics (time of arrival,

buildup function, and reference intensity) and the decontamination operation

characteristics (time of decontamination and effectiveness of decontamination). I
The effect of a particular deontamination operation will be viewed as the

B
- B-2 - I
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3 change in an individual's maximum ERD re...lting fra. the performance of

the operation. To determine this change, it is first necessary to

3 determine the behavior of an individual's maximum ERD as determined by

the fallout intensity characteristics in the absence of any decontami-

nation operations. This sec ".an determines this behavior.

I A. General EU•ression for ERD

The following development postulates the occurrence of a single

nuclear detonation at time t = 0 where t is in hours. As a result of

this detonation, radioactive fallout material is deposited in the vicinity

of the individual of interest. This material produces radiation whose

j intensity at the individual's location is I(t) in roentgens per hour.

This intensity is zero prior to t a 0. Because this intensity is at the

Jindividual's location, the protection factor of the facility in which the

individual. i.s located is incorporated into the intensity function I(t).

I Throughout the analysis, the individual remains at the location

where the intensity is 1(t) £oi. all t > 0. Therefore, at any time greater

than zero the total dose he will have received is:

I t
Total Dose - DT(t) -,f I(x)dx . (8-1)

0

When the intensity is weighted to account for the natural biological

g repair that takes place, the resultant dose is called the equivalent

residual dose, ERD. If W(t-x) is the appropriate weighting function,

J then at any time greater than zero the individual's ERD is:

tIERD DR(t) f W(t-x) I(x)dx .(B-

1 -8B-3-
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This is the general expression for ED tht--i-s--u -h---used

remainder of this paper. In Section B, the intensity function I(x) vi-l

be formulated to reflect the combined effects of fallout material

deposition rate and radioactive decay. Prior to the completion of the

deposition process, a buildup function will be chosen to represent the

intensity behiavior. For times after deposition has ,eased, the coion 5
decay law, I(l)t"1*2, will be used to represent the intensity behavior.'

In Section C the weighting function as suggested by Devaney (Reference B-1) 1
and the National Committee on Radiation Protection (Reference 3-2) will

be approximated for subsequent analysis and evaluation of Equation B-2..

B. Intensity Functtion

The intensity function is developed for all times greater than zero

by first dividing the times of interest into three intervals. The first

interval is prior to tae the time of fallout arrival. Over this interval

the intensity ts assumed equal to zero. That is,

£
I(t) - 0 for t < t

The second interval is from ta to tc, where t0 is the time at which i
fallout deposition ceases. During this time interval the intensity function,

called the buildup function, must reflect the combined effect of material

deposition and radioactive decay. Because of the many factors entering

into such a dctermination, the appropriate function will vary according

to the particular situation. Therefore, a convenient (linear and with I
tc - 2.5 t a) function will be selected upon which the subsequent analysis

For a more detailed discussion regarding the selection of this particular
buildup function, uee Referenct B-2.

- B-4 - I
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I will be based. At the conclusion of this section the "the"at1-f-n4ih-T! -

to apply the analysis and results of this report to different.'bildup ftutiOw-..

I will be presented.

3 The analysis regards 1(t) as linear throughout the time interval ta

to tC. That is,

1 1(t) = I (t-t ) for ta < t : tm M 2.5t (aB-4)

is selected as a reference buildup function. Because in Equation B-4 the

intensity is zero when t - tat the intensity function is continUous through-

out the first two time intervals, zero to 2.5 t. The constant I in

Equation B-4 is chosen to make the intensity function continuous throughmit

the second and third interva.ls, t greater than ta.

The third interval includes all times greaLer than tc a 2.5 ta. Iriog

this interval, the intensity behavior is assumed to follow the common radio-

active decay law, t'2 That is,

1 I(t) - I(1)t 1 . 2 for 1.5 t8 < t . (3-5)

Here, I(1) in roentgens per hour is the reference intensity constant. Al-

though Equation B-5 is specified for all times greater than 2.5 ta, the

analysis will only use the equation when t is between .2 hours and 4000

I hours.

The intensity function development is completed by determining the

constant I in Equation B-4 so that the intensity function is continuous

for all t greater than zero. Thie is accomplished by combining Equations

I B-4 and B-5 and setting t eqtua to 2.5 ta as follows;

U B-5 -
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I (1. 5 ta) * (1) (2. S WO.2(1i

or I~~~(1) (2.5 t k) 14.2 2 2 t -. 1 B 7

Therefore, the complete intensity funation for t greater than nzot

0o for t < t 1
I 2.2

I(t) - .222 e- 10 (t- e~) for te: St 2. (34 F
(I(l)t 1  for <.5 ta t

This behavior is illustrated in Figure B-1. I
FIGURE B-1 I
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Although the subsequent analysis will use Equation B-8 to represent

the intensity function, the results obtained can be applied to situatimns

i involving different buildup functions. In Appendix A (Chapter III) the

process of applying similar results to intensity functions with different

buildup functions was developed for the analysis of decontamination

effects on total dose. In the present discussion, the analysis is concerned
I ~with W•. However, if the fallout deposition is completed within 150 hours,

I then the ERD can be set.equal to the total dose throughout the deposition

process. For this case where the deposition interval, 1.5 ta,. is less than

1 150 hours, or, for 0 < ta < 100 hours, the ERD for t Z 150 hours may be

written as:

1 150 t
DR(t) - W(t-150) f 1(x)dx + f W(t-x) I(x)dx (B-9)

o 150

If 2.5 ta is less than 150 hours, this becomes, using Equaj;ion B-8,

150 t -1 2
DR = W(t-150) f I(x)dx 4 f W(t-x) I(M) x dx (B-10)

o 150

5 Let the desired alternative intensity function, using a different buildup

function, be,

(0 for t < t*| -a
I*(1) = A for t* < t < t* < 150 (B-11)Aa -- -

I ( -1.2
I(1)t for t* < tc

I where t* is the alternative time of arrival and t* is the corresponding
a C

I time of deposition cessation. In this case ERD fuTnction for t Ž 150 is:

* - B-7 -
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1501.2
DI(t) W(t-150) fIl(x)dx + f W(t-x) I(1)t dx (B-12) 3

o 150

The desired correspondence is obtained by setting DR(t) equal tp Dt(t),

which results in the following expression:

150 150 3
f I(x)dx = f I(x)dx (B-13)

O0

This expression in Appendix A is reduced to:

-. 2 1 t* 2(

a 4.41 I(I) c Il(x)dx
t*°
a

This equation establishes the proper correspondence between times of arrival

ta used in the subsequent analysiq and times of arrival t* of alternative

types of buildup functions, I*(t). Using this correspondence, examples of

which are presented in Appendix A, the subsequent results may be applied I
to intensity functions using other types of buildup functions.

C. Weishting Function I
The weighting function W(t) used to Aennrnt for biological repair and

recovery is given in References B-I and B-2 as follows: I
W .I + .9 e".01t (B-15) 1

This function is shown as curve Wl(t) in Figure B-2 along with an approxi- I
mation that will be used in the following analysis: I

W(t) - .1 4..9 (1 - .00085t) (B-16) I
This approximation will only be used when its value is within two per cent

of Wl(t). That is, W(t) as given in Equation B-16 will be used when: I

- B-8- I
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-~t W(t) .02 W1 (t) hor.(B-17)

This condition holds when t is between 0a nd 400 hours. It will be

seen that the maximtm A(D occurs bifore time t - hours if the time of

arrival is less than 17 hours.

D. ERD Function without Decontamination

The equations developed in Sections B and C for I(t) and W(t)

respectively, can now be incorporated into the general expression for ERD,

tI DR(t) = f W(t-x) I(x) dx

First, substitute the expression for W(t-x) given in Equation B-16 as

follows;

DR(t) .°f •+ .9 (.t (t-x))J I(X) dx

Second, substitute the expression given in Equation B-8 for I(x) and

I evaluate the resultant expression for t Ž 2.5 ta, as follows:

I .R(t) - f 222 ta 2  1(1) (x-ta] [.I + .9 (1 - a (t-) dx

t + 1 .2 [1 + .9 (1 .+ I 1M a (t-x) dx (-9

2.5ta

I Integrating and dividing through by I(1), this equation becomes, for t > 2.5 tas

R(1) -5t 2(l-.0009563t)

+ 4.413 t a 2 (l-.000365t a) (B-20)

8 £

.003376t (ta ".2

I - B-9-
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For comparison, the corresponding expression dacr-mined in A-?e• dix A

for total dose is:

- 5t + 4.413t." . (B-21)
r(l)

These two equations B-20 and B-21 are presented in Figure B-3 to illuetrate

1their behavior for selected times of arrival (ta - 1, 2, 4, and 8 hours).

Although the subsequent analysis occasionally will be concerned with

I the general behavior illuatrated in Figure B-3, primary interest is the

time at which the ERD reaches a maximum, tax, and the value of the E.D

maximum, DR(tma.). The behavior of tmax as a function of ta is determined

I| by taking the derivative d (t)and setting it equal to zero. This

results in the following expression for tmax

I tmx-.2 + 262 t mx- 1.2 -. 8825 ts a.2 (B-22) :

A graph of this equation for t between .2 and 10 hours is presented in

Figure B-4.

Equation B-22 (Figure B-4) and Equatiuon B-20 can now be combined to

I show the maximum ERD, DR(tmax), as a function of time of arrival, ta. The

behavior of DR(tmax) is presented in Figure B-5 for times of arrival between

.2 and 10 hours. From Figure B-5 the maximum ERD that an individual would

experience can be determined for any predicted I(1) and any time of arrival

between .2 and 10 hours.

For the present, this concludes the basic analysis of ERD without

decontamination. It will be extended later on in the analysis concerned

I with the effect of decontamination. Such extensions, when they occur, will

l - B-I1
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ii
U appaar as the limit approached as the decontamination process becomes

less and less effective. For the present it is sufficient to have

3 obtained an expression for DR(t), Equation B-20, and to have examined

the behavior of t and D (tmax ), Figures B-4 and B-5 respectively.

111. ERtD WITH DEC(ON.AXMXTION

The equations discussed in the preceding chapter were developed to

describe the individual's maximum ERD as a function of the fallout

intensiLy characteristics at the individual's location in the absence

Sof any decontamination operations. In this chapter, the intensity

function will be modified to include the effect of a decontamination

operation (Section A). Then, in Section B, the ERD function will be

4 redeveloped using the modified intensity function.. Finally, in Section

C, the maximum ERD with decontamination will be developed. By comparing

this maximn ERD £fuiction with the maximum ERD function without decontami-

nation (Chapter II) it will be possible to determine the effect on an

individual's maximum ERD brought about by a decontaminttion operation.

Although the present discussion refers solely to decontamination

operations, the equations and analysis apply to any operation that affects

I the intensity in a manner similar to that in which decentamination is

assumed to affect the intensity.

A. Intensity Function wi,!_EL er.ontamination

Decontamination has been referred to as "the action to reduce the

dose rate in one aiea by removing the fallout contaminant from the area

] or by burying it within the area" (Reference B-1). In the subsequen't

IB- B-13 -
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analysis, interest is restricted to the time at which the action takes

place and to the reduction in intensity brought about by the actin, li

reality, such a reduction in intensity is achieved over sme finite tita

interval required for the performance of the action. For the analysis

in this pper, this process will be modeled by an idealized process I
whereby ths reduction in intensity occurs instantaneously at time td

where td is the time of decontamination in hours after detonation,

The intensity reduction brought about by the decontamination operation

is called the decontamination effectiveness, fd" If the intensity in

the absence of any decontamination operation is I(t) for t > 0 and if the

intensity after decontamination is performed is Id(t) for t k t d1 thent,

Id(t) - fdl(t) (B-23:1

for all t greater than td1 the decontamination time. In the same sense

that I(t) is the intensity meacured at the individual's location, the

decontamination effectiveness, fd' is measured at the individuall' locatioll,

and in general, is not measured where the decontamination action actually

takes place (i.e., outside the facility wherein the individual is located).

In the analysis, fd will vary between 0 (perfect decontamination) and

1 (completely ineffective decontamination). Furthermore, td will always be J
greater than tc - 2.5 t3 (time of deposition cessation) and, in this study,

less than the time at which the individual's maximum ERD is reached.

In Reference B-2, Chapter II, the problem of selec-ing a proper t to

correspond to a real situation is discussed in detail. For the Jjority
of cases, it is sufficient to select as td the center of the real process
time Interval.

-B-16 - •
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Obviously, if t d : tma, then the decontamination operation does not

affect the 1nd~ividuaI'a m-Axifmim ERED

Prior to the time of decontamination, t d, the intensity a-t the

individual's location is given by Equation B-8. After t ds the intensity

becomes fdtimes the intensity given by Equation B-8. That isi, if aV
decontamination operation whose effectiveness io f d takes place at time

t d* then the appropriate intensity function, 1(t), isi

0 for0< t < t

1(t) - .222 t a.2.2 1(l) (t-t a for t a t <2.5 ta

I~~t2
for 2.5 t, e, t < d

-W1.2 for t dt

This behavior is illustrated *Ln Figure B-6.

FIGURE B-6
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In Figure B-6, a dotted line labeled "real" has been incl.uded to

illustrate the effect on intensity behavior of a decontamination process

that takes a finite time to conduct. The error in intensity that arises
Ii

from the instantaneous action model, although significant in the intensity

function, will be insignificant in the ERD function, DR(t), when t is

greater than te shot-.r in Fi•gura B-6,

B. ERD Function with Decontamination I
The general expression for ERD with decontamination can be developed

by merely substituting the expression for I(t) 8iven in Equation B-24 into

Equation B-2. This substitution results in the followiag equatioi for ERD

with decontamination.

2.5t
D R(tota - f W(t-x) .222 t -2.2 1() (X-t a) dx

t

+ ftd W(t..x) I(l)x" 1 . 2 dx (B-25)
2.5t

a

+ f W(t-x) fd I(1)x-l12 dx.

td

As in Equation B-18, the weighting function, .1 + .9(1-.00085(t-x)),

which accounts for biological repair and recovery, next to substituted for

W(t-x) in Equation B-25. When this substitution is made and the expression

in integrated, the ERD function, for t Z td, reduces to:

- B-I8 -
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R (1) d (4z413 ta (2-_000365 ta

I 5 fd t- 2 (1-.0009563 t) (B-26)

J-.003376 t t -2_ 1.133 (1-df t.21

On the basis of this equation. an individual's ERD can be determined

for specified combinations of t., fd' tdt and t. The only restrictions are

that ta be less than 17 hours and that td be greater than te - 2.5 ta. In

the subsequent section, this ERD function will be examined to determine the

behavior of the individual's maximum ERD. In Section IV, this maximum ERD

as a function of td and fd will then be compared with the maximum ERD that

would be received without any decontamination for a set of selected times

of arrival.

C. Maximum E)RD with Decontamination

In this section the ERD function developed in the previous section is

evaluated to determine the behavior of the individual's maximum ERD as a

function of tas tds and fd" To achieve this, first, an expression is

derived to indicate the time of the maximum ERD, , as a function of

these variables. Next, the behavior of the expression involving tmax is

analyzed and the actual time, tmax, is computed as a function of td for

selected f Iss and t 'a. Finally, the maximum ERD is determined as ad ta

function of td for Lheae selected f d's and t as by substituting the appro-

priate combinations of t f t and t into Equation B-26.max' d d' a

I. Derivation of Expression for Time of Maximum ERD

In order to compute the magnitude of the maximum ERD Ps a function

- B-19 -
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of t,, td, and fd from Equation B-26, it is first necessary to

determine the time of maximum ERD, twxI, as a function of these

variables. The general behavior of tmax as a function of ta, td,

and fd is obtained by first differentiating Equation B-26. This

derivative is as follows:

I dDR " [ .12 -2 -325

I(l) dt _d + ,03825t - .003825tdd

for [d003376 ta + .003825 td (-27)

for td • t.I

The expression for the time of the maximum ERD as a function

of ta, td' and fd can be obtained for td < tmax by simply equating

this derivative to zero and replacing t by tmax. This results in

the following expression:

-. 2 -1.2) 82 -. 2
fd(tmax + 262 t max .8825 ta

- (1.fd) (Ld-2 2 (B-28)

where t is the time in hours at which the ERD is a maximum.

2. Bghavior of the Time of Maximum ERD

Before numberically evaluating t MAX in Equation B-28 as a

function of fd' tdI and tal it is worthwhile to observe the behavior

of tmax when fd and td are allowed to vary and ta is held invariant.

rThis operation is necessary because Equation B-28 does not produce

the correct tmax for certain combinattons of fd and td. The reason

SB-20 -



for this may be seen in Equation B-26. Equation B-26 is only valid

for t > t Therefore, Equation B-27 is only valid for t t and

Equation B-28 is only valid for tmax > td, Although mathematically

"valid for - c < tmax < t and therefore all fd' td combInationa,

Equation B-28 only applipR to the physical situation when t _ tŽ

Therefore, it is useful to examine the behavior of t as a function

of td and fd and to determine the range of td, fd' combinatioais such

that tmax can be determined from Equation B-28.

When Equation B-28 is a valid expression for tmax, it can be

seen that:

(1) for fixed fd' as t increases, t decreases, anddI max

(2) for fixed td, as fd decreases, tmax decreases.

Those two observations lead to the behavior of t as a functionmax

of td and fd as follows:
Id

(1) First, fix fd ar fl and examine tmax (td) (see Figure B-7).

As td increases, t decreases until Point A is reached
d max

when tdMtmax* Denote this time of maximum (i.e., minimum

t such that tdtmax) by t*ax and this td by tj, There-

fore, at Point A, t~mt.•t mt*ax. As t increases beyond

tj, tmax also increases at the same rate until Point B is

reached. That is, along the path AB, tmax is equal to td.

At Point B, t is the same as the time of maximum withoutmax

decontamination. Denote this time of maximum by tw. When

td is greater than tw, the maximum will not be affected by

the decontamination operation because the maximiun was reached

I - u-21 -

I



before td. Therefore, as td increases beyond t MW tax2
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.8825 t a-.2 _tf -.2I

t262 -1.2 for t 25 t (B-29)

Thus, thls equation represents the lowest value of fd (that is,

f*) that must be considered in determining the time and magnitude

of maximum ERD for any combination of td N ti and ta. It will be I
used in the subsequent section to establish boundaries in evaluating

tmax as a function of ta, td, and fd' In addition, from an operational

standpoint, the fA represents the moat effective fd for a given ta

and ti. That is, any fd above the fj indicated by this equation for

a given t aand tl wil) result in a higher maximum ERD. Any better

(smaller) fd will not reduce the maximum ERD below that achieved bydI
using fA. This equation is graphed in Figure I-9 which gives a as

a [unction at ti, for sele.ted t a's of 1, 2, 3, 5, 7 and 9 hours.

3. Sction for- sle d

As previously mentioned, tmax can be determined for varioue ta, I
and td, and fd combinations from Equation B-28 for td , t. The only

other constraints that have been placed on the operation are that

td k 2.5 ta and te S 17 hours. For the purpose of this analysis tmax

is determined as a function of td for selected ta's and fd'9 in the

following manner. J
The right side of Equation B-28 can be expressed as

x-.85 -. 2 -. 2

xa -.(-fd) td , (B-30)

and similarly the left side can be expressed au,
-. + 262 1.2). (3-31) I

x = f d(t max -*2+ 262 t max-12Y(-1

- B-24 - I
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By fixing ta in Equation B-30, td can be graphed as a function

of x for selected fd'a. Figur_ R-lOa.a_-lOb_ and B-fOc show x

as a function of td for fd'a of .05, .2, .4, .6, and .8 for ta'a of

1, 3, 9 hours respectively. From Equation B-31, toax also can be

graphed, as is done in Figure B-11, as a function of x for the same

d Is. From Figures B-lOa, B-lOb, and B-1Oc, the value f "x

corresponding to a fixed t arnd the desired combination of fd and td I
can b- determined. The tmax corresponding to this combination can

then be determined hy locating this value of x in Figure B-I1 for the £
same fd' and then reading the appropriate t mx.£

To assure that the pre-selected td is less than or equal to tmax

for the particular fd of interest, Equation B-29 or Figure B-9 must

be used. As previously discussed, the f1 given by this equation

represents the minimum value of fd that must be considered for a given

td' Therefore to assure that the selected td 5 tnax for the desired I
fd' fd must be equal to or greater than fj for that td. This can

readily be determinted from Figurc B-9 for selected cases. For exan"le, "l

if tawl and the selected td is 50 hours, then fj - .18. For any fd -5 fl

for td - 50 hours, x will be equal to td' Therefore only those

fd k .18 should be considered for a td of 50 hours and ta of 1 hour. I
Through the use of the above procedure, ax as a function of td

has been determined for various fd's and ta's. The results are £
summarized in Figures P-12s, B-12b, B-12c, for ta - 1, 3, 9 hours

respectively. In each of these figures, tmax is given for a fixed

t as a function of td for fd'a of 0, .05, .2, .4, .6 and .8. Both

- B-26
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tmax and td are expressed in hours after the time that deposition

of fallout ceases (i.e., t max - 2.5 tP and td - 2.5 tta). The fd . 0

curves in these figures were derived by simple application of the

fact that when all fallout is removed at a given td, the maximum

ERD will occur at that td. That is, for all points on the kd " 0

curveb td - t mx. The point of intersection of a given fd > 0 curve

with the fd - 0 curve indicates that if decontamination is delayed

until this time, any smaller fd would not decrease the maximum ERD.

4. qaMoutation of Maximum ERD

The magnitude of the maximum ERD can be computed by substituting

the desired combinations of t , td) and fd into Equation B-26 along

with their corresponding tmax's. These tmax't as previously discussed

are given as a function of td by Figures B-12a - B-12c for selected

ta's and fd's. Equation B-26 has been evaluated for selected ta's

and 'd's, These results are graphically summarized in Figures B-13ia,

B-13b, and B-13c in the next section. The maximum ERD without

decontamination is presented as a function of td for (right-hand scale)

ta 0 1, 3, and 9 and fd - 0, .2, .4, .6 and .8 for each ta. Since I(1)

has been normalized, these curves allow computation of maximum ERD for

any combination of 1(1) and PF as long as the individual remains in

the same fallout field and at the same PF in which he first began

accumulating radiation dose.

- B-31 -
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IV. REDUCTION IN ERD DIUE TO DECONTAMINATION

A. Intruduction and Derivation

The previous derivations and evaluations of the ERD with and without

decontamination provide a basis for ascertaining the value of decontamination

(or similar operations) in reducing potential dose as a function of ta, td'

and fd' This value can be conveniently measured by forming the ratio of the

maximum ERD with decontamination to that with no decontamination, as follows:

max ERD with decontamination DR(tmaxta'tdsfd)R - (B-32)
max ERD without decontamination D Rt( ,t ) a)

whe e R is denoted as the value ratio. The evaluation of R is given by

appropriately combining the results of Sections II and III.

More specifically, the maximum ERD without decontamination, DR(r ,tia),

is given as a function of ta when Equations B-20 and B-22 are properly

combined and evaluated at the time of maximum ERD without decontamination.

The analogous results for the maximum ERD with decontamination, DR(tmtatdfd),

are given by Equations B-26 and B-28 as a function of ta,,td, and fd' By

evaluating these expressions, the value of decontamination in reducing dose

is obtainable. For this analysis R will be evaluated as a functiou of td

for those t a's and f d's for which the numerator and denominator of Equation

B-32 have previously been determined in Sections II and III.

'lThe surmnarized results for R, determined by combining the values of

maximum ERD from the right-hand scale of Figures B-13a, B-13b, and B-13c with

those of Figure B-3, are presented in Figures B-13a, B-13b, B-13c (left-hand

scale). The reduction in ERD due to decontamination is given as a function

B
- B-35 -
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tf- end t or fd 0-:.2. .4. .6, and .8 for each t. (t- 1, 3, and 9

hourn). This reduction is expressed in terms of the fraction of the

dose that would be received if decontamination is activated. Time of

decontamination is given both as time aftpr detonation (td) and timeId
after the time at which fallout deposition ceases (td - 2.5 t a).

B. Discussion of Results

Primarily, these rceults allow a simple and "uncluttered" view of

Lhe effcctivencss of decontamination in reducing radiation done (ZRD)

over most of the spectrum of ismportant envircmunental parameters. In

addition, they indicate the precise trade-offs between these parameters

for a specified fractional reduction in ERD. For example, for t a of I

hour, Ed of .6, tctivnted at 24 hours after ccissntinn of fallout Is

equivalent to f oi zoro at 47 hours (estimnted (rom I'lguore B-13s).

In interpreting thene results id is worthwhile to hear in mind that

they are applicable not only to decontamination, hit any countermeasure

which reduces tho Intensity in the same manner, (i.e., when the counter-

measure affects the intensity the same an the defined |, haroin). It

should be noted that these mathematical results are independent of the

level of initial intensity considered for the individual or the PF of the

shelter in which he is located when he begins to accumulate dose. For

practical application, however, the ERD must renqin below 200 R. It is

also assumned that he remains in the same location throughout the time

of interest (i.e., he remains in the same inside intensity field as the

one in which he first began accumulating any dose).
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Appendix C

3 Total Dose Approximations for Brief

Exposure in a Fallout Envirortment

I. INTRODUCTION AND SUM4ARY

A. Total Dose Wxpression

The modeling and analysis of operations in a fallout environmsent often

requires an expression for the total dose received by an individual over a

finite interval of time. When the individual is located in a facility whose

protection factor is PF, the rate at which he accumulates dome is given by

the expression

I(t) = tk roentgensthour (C-1)

where t is the time after detonation in hours, k is the dcay constant 4

(umually set equal to 1.2), and l(1) to the t - I reference dose rate in

the fallout field where the facility is located. The total done received

by an individual during the time he is in the facility is normally obtained

by integrating the dose rate over this same peri.od of time. If the individual

is in the facility from time te to time t + At, then the dose received is

•- + At
D(t e, At) = f te + tI(t) dt

e

P. k- (l) e (te + A01-k ) roentgens (C-2)

whure k > 1 is assumed. Although the process used to obtain thia expression

tor total dose in simple, the expression itself is quite cuwnbersome for

-C-1



rally applic-ation~s (for e~mlla, in' determiin •t8 e as ..... a"-"tcin '; ()

PF, k, At, and the total dose, D).

Many difficulties associated with the *.•pression for total dose given I
in Equation C-2 can be eliminated by using an appropriate approximation for

the total dose received. This study considers two approximations that i
eliminate some of the difficulties. The two approximations that will be 3
considered are illustrated in Figure C-I. For comparison, the "true" total

dose is also illustrated in Figure C-1. It will be shown that the accuracy I
t

of both approximations depends on the size of the ratio - and on the value

of k. As the ratio increases, the accuracy increases. This study examines

this accuracy of the two approximations in detail and presents several curves
ett'hat illustrate the behavior of the error when • and k are allowed to

vary. ,

B. First Aonroximation

In the first example, the total dose received from time te to time I
te + :It is approximaLed by .iultiplying the duration of the exposure interval,

At, by the dose rate at the center of the interval, I(t + a) If this
a 2

approximation is called Dl(L, 1At), then I

D (te, At)- I U (t 4 &)-k /At roentgens (C-3) I
DI-D

The error, b1 that results when this approximation (Equation C-3)

Is used to determine the total dose is derived in Section II and the results
t

are displayed in Figure C-2 as a furntion of the ratio - . In the derivation I
section it is shown that the resultant error 81, decreases toward zero as

the ratio - increases. Therefore, when one is concerned with a range of

At

- C-2 -
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t

the smallest -tt ratio in the range of interest (a range of values of t

ratios will be the case, for example, when te is boing determined as a

function of At and D1(te, At)). In Figure C-2 when k - 1.2, the error rhat
t€

results when 9ý is equal to 2.85 is seen to be .01 (1%). That means thatt A

for any - greater than 2.85, the resultant error will always be less thanA t t

1%. Similarly, if - is greater than 1.0, then the error will always be

less than .052 (5.27.) when k - 1.2.

C. Second Approximation I
As a second example, the total dose received from time t to time

te + At can be approximated by multiplying the duration of the exposure

interval, At, by the dose rate at the beginning of the interval, I(t e).

If this approximation is called D2 (ts, At), then

D2't, eA0 (te)"k At roentgens (C-4)

D -D
The err, 2 that results when thin apprnximation (Equation

u2 DI

C-4) is used to determine the total dose is derived in Section III and the

results are displayed in Figure C-3. This figure gives the error as a
t

function of the ratio, -7, for a set of decay constailts, k. In Section III
At 

t
this error is shown to decrease toward zero as Lhe ratio -t increases. For

t A
e.t is equal to 7.7 is, from Figure C-3, equal to .07 (that is, 7.). That

means that for any greater than 7.7, the resultant error will always be

less than 77.

C--5-
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D. Summary of Examples of the Use of the Approximation.s

the and th-eapoitcs oah4r ie aloir blesm toseto areapplicable for operations analyses and planning is illustrated in the final

section of this paper. There, the problem of determining the earliest time,

t e, of activity resumption or initiation is investigated. Expressions for

te are developed to show the effect on te of changing the activity duration,
Sthe fallout field characteristics (I(1) and k), and the allowable dose to b•h

received in the performance of the activity.

Finally, this entry time is determined when radiological countermeasure

operations such as decontamination are used to accelerate the recovery process

by shortening the above entry time. When a countermeasure operation leads

to a reduced entry time (with the allowable dome remaining unchanged), the

amount of that time reduction is called the "time saved" in resuming or

initiating a particular activity. By using the first approximatiom (Equation
C-3) this time saved, T , is derived as the product of the maximum possible

time saved and per cent savings realized. The maximum possible time saved

is Lhu Liic LhraL would be ,aved if thc countcrmcasure operation were ideal

(for decontamination, conplete removal of all fallout material). This

maximum possible time saved--a function of iP-F activity duration, At, and

j allowable dose--is displayed in Figure C-7. As shown in Section IV, when

the allowable dose is fixed, the maximum possible time saved is, indeed, not

equal to t (without decontamination) but rather is equal to t + 4. Thee ~e 2
per cent savings realized is the per cent of the maximum that is achieved

with a non-ideal countermeasure. This per cent savings realized-- a function

of the countermeasure affectivencas (defined in Section III)--is displayed

in Figure C-8.

- C-7-



11. FIRST APPROXIMATION ERROR ANALYSIS

Using the symbols defined in the preceding sectloa, the actual total

dose received between time te and te + At,

D(te .at)" - = (_I_•)• (t 1-k " (t + 'At)1-k) (C-2)

e t P F k-i e

is to be approximated by the following; (

D1 ,t t) - j-U (t + t)-k At (C-3)
D1 (e ,A)-PF e ~~

The error, El, that results when D 1(ta At) is used in place of D(t*, At)

is defined as followst

E D(te, A0 - DI(te, At) (C-5)ElD~ e ,T A0)(-S :

D 1 (te A.t)

To determine the error, El, it is convenient to analyze the ratio R, where

D(te, At) I
1 Dl(t, At) '

1 1-1k 6t ekI

= 1)('l'~e "(t + At)l k(te + 7)k -1 (C-8).-

= (---1) ",t+-k 1-k I" + -1)k (c-9)-.

t

In Equation C-9, let a. Furthermore, let t > ,t so that a > 1 will
At e

C-8c



bound the range of a in the subsequent analysis. Equation C-9 becomes

It Vj-y (a -(14-a4) )(1 + a) (C_ 1.0)

SBecause k > 1 and a > 1, it is obvious that R, > 0. Additional information--

that R, approaches 1 as a increases--may be learned by changing the form of

j the expression for R in Equation C-l1 to

(a (_ak Ik-IR 1 21 • ((1 + a )(-1

a

and then replacing the last two terms by the appropriate power series as

follows:

R r k 1 rk 1+ k-l 1) fC-12)
Sr-0 r0

-k -1 2(n-l) ik1 - r 1 C2

-k(1 ( + - .. ) (1 +a) (I+ + k2 ) (C-13)

2 (2 (a+l)) 2!2

From Equation C-13. it can be seen that, for fixed k , k > 1, the value R

approaches 1 as the ratio a - increases.
At t

In addition, R1 monotonically decreases toward 1 as the fraction a -a -

increases, This can be seen by exA.mining the derivative of R1 with respect

to a as follows:

--d ", ' 1_ (a + I"k- (,+l)"k ((I k-) (1 + 2a - k) - (1+2a+k)) (C-14)
2a 2k1 a+~ al ( a

in the right hand side of Equation C-14, the first four factors are always

positive. Therefore, it is only necessary to show that the one remaining

factor. ((, + l) (1+2a-k) - (1+,,a+k)), is always negative. Call this factor F.

C-9-



,I

Ii
To show that F < 0 for the k'* of interest in this paper (I < k < 4), expand 3
(1 + 1) in a power series, fi ( ) r , and retain only the first group of

r0

consecutive positive terms as follows:

for 1 < k <2 2

F (1 +-kh + k a- 1) (1 + 2a - k) - (1 + 2& + k) (C-15)

-k 

a 2

<2a2(k -2k + 1) (C-16) I
< -h O(k 1)2_<o0 (C-1,7)

f or 2 < k <3 3

F_< (I + ýk 1),2!a + ,k(k-I)Ck-2))3•a (1 + 2a - k) - (I +I 2a + k) (C-18)

- 3 k3 + (.. 2 - k+2+a) (C-19)

3! a
.( - k) (k 2 + (a-3) k + 2 + 2) (C-20)

3!a3

< k (1 - k) ((k - 1) (k - 2) + a(k + 1)) < 0 (C-21)

for 3 < k. <4

F < ( + ] + k + .k.,k-1) 2 ('k, - (1+2a2)i

(1 a 23 a 4! a4  (C-22) i

k -4! ((k 3 + (2a - 6)k 2 + (4a2 2a + 11) k + (4a, - 6)) (C-23)
4. aI

<_ ((k - 1) (k - 2) (k - 3) + 2a (k - 2) (k - 1) + 4,2 (k+l))_< 0
4:' a (C-24)

- c-10 - I
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Th.erefore, -a im negative when k is the range of interest, 1 < k < 4, and

when a > 1. Because this derivative !.s negative, RI monotonically decreases

toward 1 as the ratio a -- increaser. In terms of the error, El, as RI

decreasas toward 1, its reciprocal increases toward 1 and therefore, the

error decreases toward zero. The actual error is easily determined by

combining Equations C-6, C-7, and C-10 as follows:

d -lO follow(C-25)

- 1 (C-26)

1 - 2. k 1-i (C-27)

(I+a)k (a 1 - (a+i) 1-)

To ccgnpare E1 with Bl, let

iRz 1 1 + r , (C-28)

so that

E1 - (C-29)51

2 3h 1 - " 1 +B• 1  , (C-30)

_< (C-31)

t
The size of bl, and therefore the bound on El, depends on a - and on k.

If for fixed k the error bound 1 is known for any ax, then the error I
associated with any a > a will be less than T1, That ib,

E1 (ak) > El (a,k) for a < a (C-32)

4
1 
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As a convenience, a selectcd set of bounds on the error as a function of II
k and a is presented in Figure C-2. In Figure C02, for selected set of

k (k - 1.1, 1.2, 1.5, 2.3) and error bounds, 51, between .001 and .10, 1
t

the minimum value of a - _E such that the error is lass than the desired 3
bound is presented. As an examualp, when k - 1.2, the error, 81, vwil always

e
be I ss than .03 (3.) if the ratio a - ris greater than 1.46.

111. SECOND APPROXM1A4TI ERROR ANALYS 3
Continuing from Section I, the total doso received between time t aand

time t *I- At,
e

D}(f:t \,t) (k-• .tl-k _ (t +- 6t) 1") 0 -, 2)

is to be approximntod by the following; I

P) ((t) At. (C-4)

The error, E2 , that rsults wheon '2(to, ,At) isi uted in place of D(t 0 , At) is J
defined as follows:

E2 . )(t , At) (C-33)

C.( -, 1')I1)(te, A0. (C-34)

As in the previous section, let

- C-12 -



-2 D,(t , At)

Ate

(1D~ +t .1 (C-37)

"k - 11 a

t

ie

where a - Again, if k > 1 and a > 1, then R, .> 0. Expanding

S- o, k(kto ) W ) + (C-39)
2!a 2!,2 4! a

As~ the ratio a ~ ~incrcvase, R,~ approaches 1 and R2  1. IIhe behavior

of "2can be furtther uxidersitond by examnIning the deri~vative of R2with

?1nspect to a.

dR 2 -. (C-40)

This, as expected, is poaftive w*hen k > I aiad a > 1. Therefore, R 2 mcrnor~oni-
t

cally increases toward I fa the r>and a -- incyt. In terhii of the

wherea AAt

error, E 2 9 and R2increases toward 1, its reciprocal .1trezir-ei toward 1,

and therefore, the error dcca-aroes t~oward zero. Thef' actual error may 'o(:

determined by combining Equations C-34 and C-57 as follows:

E 2  (C-4i)
2 R?

k. 1 I-k -1
(z.- ( 1 C-- (+ + -1 (c-42)

c 4-13 "
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I
To compare E., with R2, let

Pý -+8 , (C-43)

so that

E2 =6 2  (C-44) 3
t

The size of 82, and therefore the bound cn E2 , depends on a - and on k.

If for fixed k the error 82 is known for any ax, then the error associated

with any a > a will be less than 82. That is, U
E2 (axk) > E2 (a,k) for ax < a (C-45) U

As a convenience, a sele-ted set of bounds on the error as a function of

k and a is presented in Figure C-3. In Figure C-3, for a selected set

of k (k - 1.1, 1.2, 1.5, 2.0, 3.0) and error bounds, 52, between .01 and I
1.0, the minimum value of a such that the error is less than the desired 3
bound is presented. A8 an example, when k - 1.2, the error 82 will always

t
be less than .1 (10%) ;,f Lhe ratio a -1 is greater than 5.9.

IV. TIME SAVED USING TOTAL DOSE APPROXIMATIONS3

A. Entry Timo

An important problem commonly encountered in the analysis of fullout

operations involves the time at which a particular activity can be initiated 3
or resumed, In such problems, the fallout environment constrains activity

performance through the limitations placed on the allowable dose the individual I
engaged in the activity may receive. As an example, assume an individual is

to engage in a particular activity beginning at time te and lasting until

-1

- C-14 -
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time te + At. Let the protect 4 .on afforded the indivilual by the activity

be PF so that the dose he will receive in performing the activity, DA(te, At)

3 is,

A PF k-I Ate " te _ + At)lk ) roentgens. (C-2)

On the basis of the individual's exposure before and after the activity is

performed, this dose DA(te, At), must be limited and hence the activity must

be planned so that the dose is less than the imposed limit. If this, limit

is LA, then the activity planning must provide that D (t The
A'Ate' At) ILA' h

bounds on the activity performance can be determined by substituting LA for

D A(t , At) in Equation C-2. It is more convenient, however, to use one of

the two approximations described in the preceding sections because they are

much more readily solved for t . Using the first approximation, Equation

C-3, the time at which the activity can be scheduled to begin is, as a

function of the activity duration At,

(At I(1./k At hours. (C-46)
e % PF LA" 2

The concomitant error in t determined from Equation C-46 can be determined,

fir a range of decay constants k, from Figure C-2. This relationship,

Equation C-46, is illustrated in Figure C-4 where t is presented as a

function of At for a selected set of PF L. values (2, 4, 3, 16, 32, 64,PF LA(2 ,, ,3, ,

128, and 256). Also included in this figure is an indication of the

applicable error for each case.

In the determination of te, if eiLher the parameters are such that

t
t tends to be large, or the error requirements are not stringent, then a

simpler expression for t can be determined from the second approximation

C- 0-5 -
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by substitutingLA for D2(te, At) in Equation C-4. This procedure results

in the following expression for te as a function of At:

te P1 At l/k hours. (C-47)
PF PLA'

In this case the conconitant error in te can be determined, for a range of U
decay constants k, from Figure C-3. This relationship, Equation C-47, is g
illustrated in Figure C-5 where t is presented as a function of At' for a

A Iselected set of 10)L values (2, 4, 8, 16, 32, 64, 128, and 256). Also

included in this figure is an indication of the applicable error for each

case. j

B. Time Saved

In many cases of essential activities, the time at which the activity

can begin (Equation C-46 or Equation C-47) may be undesirably late (large ta).

In these situations some form of radiological countermeasure is used to

decrease the dose rate, I
Z~t) I•I)-k

)I t- roentgens/nour, (C-1) I
PF

by decreasing the applicable value of il1 . As an example, decontamination I
of the facility mny lead to such an effective decrease. Let the effect of

such an operation h-2 represented by multiplying the i)PF constant by a factor

fdw whose value lies between zero end one. After the decontamination operation

is performed, the dose rate is I

I(t) -d f ( I'l - roentgens/hour, (C-48)

and the approximation to the time at which the activity may coummence becomes, 3

- C-16 - I
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d, using D (te, ",

*. At 10)fd Ilk hours. (C-49)i e ( PFA 2

Here it is assumed that the opeation leading to an fd < 1 was performed at

some time td prior to t c

It is easily seen in Equation C-49 that the decontamination operation

decreased the required delay time for initiation or resumption of the

activity. The actual time which has been saved as a direct result of

decontamination is determined by subtracting te from t as follows:e]

T=t -t hours, (C-50)

t ,FLA ) hours, (C-51)

T - PCS (C-52)max I00

In Equation C-52, T has been interpreted as the product of two terms

T and 7,0. The first term T is the limit approached by T as f.
max maxa

approaches zero. Because fd m 0 represents perfect or ideal decontamination,
T is called the maximum time saved using perfect decontamination.

max

Besides requiring fd " 0, perfect decontamination requires td - 0. This
*

latter requirement implies t > 0 and as a result places a practical bound

on the effectiveness of fd' That is, as the problem was stated, the done to

be received in the performance of the activity was fixed at LA. If perfect

decontamination were employed, the dose received would be zazo and hence much

lower than L . Tn such a case, a portion of the decontamination effort isA

used to meet the requirement D(t, ,\t) = LA and the remaining portion of the

decontamination effort is used to further reduce the dose to zero, below the

- C-19 -
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r,:'qui cement. This effort used to reduce the dose frm L to zero is not

effet__Ive in meeting the problem requirement because the requirement has U
already been met. This is what is implied by the restriction t > 0. If I
this restrietten is tirt adhered to, confusion will grow out of the inequality

obtained from comparing Tmax with t e that is,

TIa ~t + (C-53)3Tmax te 2 '

and therefore 3

T max ta (C-54)

In the same sense that T max is the limit approached as fd approaches

zero, L• is the fraction of the maximum that is realized with imperfect
]00

(non-idcil) decontamination. That Is, PCSR is the per cent savinas realized 3
that resulcs whn fd is a positive number greater than zero.

.These two terms,

PCSR - 100 (1 - fdl/k) (C-55)

and

T m ax P LA ) /k hours, (C-56)

are presented in Figures C-6 jud C-7 respectively. Figure C-7 describes

the max:imum eavings possiblc fzr fgiven values of At, T(M), PF, and LA, and

Figure C-6 duscribes the per cent of this that is realized for a given value I
of f ".

As an example, assume that an activity is to be resumed where the' PF

value is 5000 roentgens per hour. In addition assume the individual engaged 3

- C 20- 1
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in the activity is to receive no more than 160 roentgens. From Figure C-7,

U if the planned duration of the activity was 10 houTa, then the ratio a _ I' At

id_ = 16 and the maximum time saved, T max, is 120 hours. If the decontami-

nation effectiveness, fd' is .2, then the per cent realized is, from Figure

C-6, 74%. Therefore, the time saved in resuming the activity is .74 x 120 -

89 hours or approximately 4 days. This savings is a direct result of

decontamination.

As a second exanple, asstme that the activity has an LF value of 5000[PFF
roentgens per hour, that the individual is to receive no more than 120 roentgens,

snd that the duration of the activity will be five days or 120 hours. In thin

case, from Figure C-7, the maximum time saved is 50 days. If the decontamination

effectiveness is .3, the time saved becomes .638 x 50 * 32 days. From Figure

C-4, the earliest time of activity ressumption without decontamination would

be 47.5 days. Thereforeý, with decontamination, the activity can be resumed at

47.5 - 32 w 15.5 dayc after detonation--thus saving 32 days.

As expected, the above discussion presents an example of the simplicity

that results from the use of the total dose approximationil minuaonrd in the

introductory section. Many different applications exist as well as different

interpretations of the material presented above. The only constraint in

using the approximations involves the allowable error (presented in Figures

C-2 and C-3). Even this restriction can be relaxed considerably because the

direction and magnitude of the error are known and therefore can be accounted
t

for by biasing the interpretation of the results of the analysis wher -a is
At

low.

- C-23-
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Appendix D

The Effectiveness of Radiological Counternea~tires in

Acceierating Postattack Recovery,1

L. SUM&RY

I ~ To hie material in this Appendix was developed to determine the extent

towihradiological couintermeasures could accelzrate the postattack

g recovery process. In the development, the recovery of an &ctivity is

specified in terms of the duration of the activity, At, and the time when

jthe activity Is to Coimmence, t e' Other activity characteristics that

afiect the dose received by the performing personnel are absorbed into

an activity intensity constant, 11, which also accounts for the fallout

radiation field characteristics. For the purpose of this sumimary, H

mliy be considered to be the coirmnon 1*-tl reference intensity, 1(1), at the

place where thc personnel are located. The personnel performing the

activity are specified in terms of the allowable radiation dose, D, oneI
- may receive In performing the activity. This dose specification is made

in terms ol ri ther total (lose or equivilent residual dose (ERD), or both,I

depending oin the length of the activity duration. Thie countermeasure is

apt'Cifit:-! by iV~ taef~fet 'veICrIOS, f'1 In causing a reduction in dose received

by nni I ni ivi i m,1 i pcr rii-hic~ dul ed operation.

IObviotisly, the above parauwctc-- ;tre not all independlent. In particular,

Iof the five (At, t, DI, 1), any' Foun-: m-v ke rofgnrrldei ns lntdnp. dent and

Ht- refi f t -,in he expressaed in t-ermsaattr o i. !-"Mc enr ~' or de-velo(ped(



Appendix D

The Effectiveness of Radiological Countermeasures in

Accelerating Postattack Recovery

i. SUMMARY

The material in this Appendix was developed to determine the extent

to which radiological countermeasures could accelerate the postattack

recovery process. In the development, the recovery of an activity is

specified in terms of the duration of the activity, At, and the time when

the activity is to commence, t Other activity characteristics that

affect the dose received by the performing personnel are absorbed into

an activity intensity constant, H, which also accounts for the fallout

radiation field characteristics. For the purpose of this sunmmary, H

may be considered to be the common Hl+I reference intensity, I(1), at the

place where the personnel are located. The personnel performing the

activity are specified in terms of the allowable radiation dose, D, one

may receive in performing the activity. This dose specification is made

in terms of either total dose or equivalent residual dose (ERD), c- both,

depending on the length of the activity duration. The countermeasure is

specified by its effectiveness, fd' in causing a reduction in dose received

by an individual in performing a scheduled operation.

Obviously, the above parameters are not all independent. In particular,

of the five (At, te, , D, fd), any four may be regarded as independent and

the fifth can be expressed in terms of them. Such expressions are developed

- D-l -



in the analysis section of this report. Although each parameter is treated

as the dependent variable at some time in the analysis, the emphasis is

placed on expressing t as a function of H, D, At, and fd" There, thee

intent is to determine how the time when the activity MU commence, tes

varies as a function of the countermeasure effectiveness, f and the

operating constraints, At, H, and D. By holding these operating constraints5

constant, it is then possible to determine the difference between the time

wc
when the activity may commence if the countermeasure is not employed, te,

and the time when the activity may commence if the countermeasure is

employed, te

This difference, t - t , is the time, T, that is saved in recoveringe e

an activity as a direct result of a particular countermeasure. This time

saved is expressed in this appendix as a function of the operating constraints,

At, D, and H, and the countermeasure effectiveness, fd" Sets'of performance

curves that describe the behavior of T as the four parameters vary

independently are presented at the end of the analysis section as Figures

D-15 through D-27.

In the final section of this appendix, these figures are examined in a

general manner to determine an impression of the range of situations where

countermeasures appear to be most valuable. There, the measure of effectiveness

is the time saved. The range of situations that is obtained uses the

assumption that T should be at least one week, and that T should be at

least 30 per cent of t . Under these two assumptions it is shown that thee

ra-ge of potentially valuable application is specified by two inequalities,

.7 and W•t > k(fd)D. Here, k(fd) is a function of f whose value is

- D-2 -



determined from one of the curves in Figures D-24 through D-29. When

f fi., k(fd) = 100 and range of application is defined by the inequality

Wit > 100D. In addition, the greater the inequality of H~t and 10OD is,

the greater is the resultant amount of time saved.

II. ANALYSIS

A. Introduction

By using certain radiological countermeasures, it is possible to

accelerate the process of postattack recovery. The amount by which the

process is accelerated will depend on the effectiveness of the counter-

measure, the amount and distribution of radioactive fallout present in

tihe area where the recoverable activity and/or facility is located, and

on the personnel--their dose history and the additional allowable dose that

they may receive in performing the activity.

In the following analysis, the radioactive fallout hazard is measured,

with respect to the facility wherein the activity is to be recovered, by

the dose in roentgens that will be received by•.the individualtpeif i iing

the activity. This dose is called the performance dose. The effectiveness

of the countermeasure is measured 1) oy the fractional reduction in the

performance dose brought about by the countermeasure when the timing of

the activity is held constant, and 2) by the fractional reduction in the

activity timing brought about by the countermeasure when the performance

dose is held constant. The allowable dose to be received in performing

the activity is defined in three ways, depending on the particular time

duration of the activity: if the duration is less than thirty days, then

- D-3-



the total dosel.As used; if the duration is m-re than four days and& leesa

than. thirty days, then the equivalent r-esidual done (lMi) a te a" -

the duration is used; if the duration is sufficiently long that * UD IM
reaches a inximom before the end of the duration, then the Muazim lMD

that is reached is used. Obviously, these three viewpoints are not

mutually e*.ýiaaive. I
The following analyas m combines the abowe concepts and arrives at a.-

measure of the aount of recovery accelerationachieved by a purticaw

countermeasura applied to a particular situsaon wh a the allowable dome

constraints are specified. The amount of acceleration Is measured by the

"tiAe saved" in. :esuming or ini~tiating an activi~ty. As vii!. become qapg t, --

interest 4 centered in activities to be aecovered after the first few days

following detonation and during the first few months thereafter. -.

I. •laJiu .........

The expression for dose rate that will be used in the subsequent

development is

I(e) W M fli 2 meatrean/houri, (0l)

where t is the time after detonation in hours and R to independent

of time. This expression for dose rate vii be use4 to determin, the

dose that will be received by an individunl while he is performing the

activity of interest.

In this exwression, Fquatioa L-I, the constant H depends on the

particular situation end on the intent of the analyst. This constant

relates the activity characteristics (location in the flitout fiold, structure

- D-4-



I

PF,...) to the dose received in performing the activity. The scope and

* 4!fexibility of the results produced by the subsequent analysis are critically

dependent on the imagination utilized in interpreting 9 Ln a broad and

U flexible manner. In the simplest case of pro-attack planning the constant

H may be set equal to = where 1(1) Is the unit time reference intensity
Pp

in the activity area and PF in the protection factor of the strwiture in

which the activity is performed. If at the sar time the activity has a

sequential characteristic that involves several structures with different

I PF's, then H might be set equal to I where P is the equivalent
P aa* a

protection factor. In the simplest ease of postattack planning, R might

be set equal to ly1.2 where I is the measured dome rate where the activity

I will be performed and y is the time after detonation when the measur••et

is made. These examples are presented to illustrate simple interpretations

i of H. Mare complicated or flexible Interpretations will arise as the

individual's (or individuals') behavior pattern becoes a complicated

function of time. Irrespective of the particular interpretation, tWO rules

j mueL be Lollowed. Fr.-st, H must be IvideendMnt of tima; and seaond, if

the activity is performed from tivA te to time t + at, where &t is the

I activity duration, then R must be chosen so that the total dose recei.ved

4 by the individual in performing the activity isi

*See Reference D-l, page 56.

'Mroughout this appendix, D. will refer to total dose, DR will refer to

[ equivalent residual dose (ERD), and D will refer to a dose that is
either total dose or ERD. In both cases, DT and DR are calculated assuming

zero prior dose. This assumption does not restrict the usefulness of
the analysis. Prior dome enters into the application of the analysis
when a determination is made of the allowable subsequent dose.

i - D-5-
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t +At 

3
DTR x-1 dx roentgena. (D-2)

t
0

C. Countlemeasure , Efectivenase

in the preceding section the corTLtant H in th* done rate qquatiOn

was chosen to relate the effect of the activity characteristics (location,

structure, iF, ... ) to the total dose received in perfo•ming the activity, 3
Equation D-2. A similar constant, f d in chosen to show the effect of a

countermeasure on the dose received in performing the activity. This I
constant, fd' in chosen so that if the activity, which is the objeot of the

countermeasure, is performed from time ta to time ta4At, then the I-ot-l

dose received by the individual in performing the activity when the 3
countermeasure is not activated will be

DT a R f x.1.2 dx roentgens, (0-3)
te 1

and when the countermeasure is activated and completed before tine to, will

be

DT - fdR te+At xI* 2 dx roentgens. (D-4)

t
a

Values of fd that lie between zero and one (0 : fd -5 1) will be considered 1
in this appendix. Notice that when fd is set equal to 1, the countermeasure I
is, in effect, not activated.

D. Activitl Performance Dose_

W~hile performing a given activity, the individual will receive a certain

D
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Soza of radiatior.. "-- it is not ,:lea_ b hit•rdni,, a certain dose of

radiatiem is to an individual, two approaches to the dose received will be

I taken In the subsequent development. The first approach will be to determine

the total dose received,

DT - fdH f x dx roentgens, (D-4)
t eI et

when the activity is performed from time te to time te +At. The second

approach will he to determine the maximum equivalent residual dose received

when the activity is performed from time t to time t t4At,e e-e

DR " maximum fdH fe W(t-x) x " dx roentgens,

5 C(D- 5)

t t :t q te + At

where W(t-x) is a function used to weight the dose rnte In order to simulate

the effect of possible biological repair and reovery.

I For the first approach, the total doua rece'ived, from iqu•&t•oia D-4, is,

DT , fdH 5(te"' 2 
- (t@a+At)-' 2 ) roeutgens. (D-6)

It. has been shown that this expression can be npproximnated as follows:

I D.- fd e 2t(to ) ro"

t
The concomitanL error is less than I per cent when ;7 ;_ 2.85 and is less

te 

t

than 5.2 per cent when - Ž 1.0. Becau.e this error ts amall and its bounds
A

See Reference D-2.
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are known, Equation D-7 will be used to determine the total dose received

in the performance of the activity. This equation is graphed in Figure

D-1 where 5L is displayed as a function of activity crtry timee t, Lir

select.-d activity durations, At, - I day, 4 days, 16 days, and 32 days.

In thiw figure and in the following discussion, the q-jantity DIAt will be 1

called the activity "effective intensity" and will be referred to as le -

Therefore, in Figure D-1 the normsalized .ffective intensity, is
fd

displayed as a function of te. I
For the second approach, the maximum ERD received is determined from

Equation D-5 for two separate cases: Case I, where the maximum occurs at I
thd end of the activity or when t - ta+At and Case 'L1, where the maximum 3
occurs before the end of the activity or when t < t a+ &t. In both casesC

it is necessary to begin by selecting the appropriate weighting fuvctiun 3
W(t). rhe weighting function most commonly used to approximate the effect

of biological repair and recovery is: * I

P(r) - + 9A"024L (D-8)

where t is in days. This approxinstion is shown in Figure D-2 along

with the function

W(t) - 1 - '016t , (D-9)

which will be used in this discx.4,4ion to approximate the biological effect

for Case I when 1: < 3S days. Substituting Equation 9 in Equation 5, the

Mexiae= F.RD for Case I becomes:

See Reference D-I.
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I

t 4-At

DP . f H f (1-.016(t -et-x)) X dx (D-10)

M f dH(l-.0].6te-.0Ol6nt) f X" '12dx
tt

t + t +AC

-m H .016 x2 dx roentgens, (f-Il)

d

which can be approximated to the same accuracy as DT (in Equation 0-7) as

I followe;:

I DR. fdH (1-.016(t +AM At)(t + ') "1.2

R d a e 2

+ fdH .016 (t + ") At(t + 4) (D-12)i a 2 a -1.2

- d1M (l-.OOBAt) (t + 2 roentgens. (D-13)

Combining Equation D-7 with Equation D-13, this becomes;

I R - (l-.O0BAt) DT roentgens. (D-14)

V This equation will be used to determine the ERD in Case I where it reaches

a maximum at the conclusion of the activity performance. This equation is! .•...~~~~~DAt I• t lpae ~ ucino

graphed in Figure D-3 where -displayed a a function of

uctivity entry time, ta, for selected activity durations, at - 1, 4, 8, 16,

32 days.

In Case II, where the maximum, (Equation D-5) occurs for t < te + At,

a slightly different approach will be used. First, it is necessary to use

an approximation for W(t) that is applicable over a wider range of At's.

The function which will be used is

I
I
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M O.035? I 4 4
W (t) - .0045t 40 < -: 92 15)

27 .000914t 92 < S-S24 
'I

where t is in hours. This function is shown in Figure D-4 along with the

comnmon approximation given as Equation D-8. If this expression, with t-x

substituted for t, is used to replace W(t-x) in Equation D-5, then the

integration can be performed and the derivative of DR with respect to
dDs

t can be taken. Setting this derivative, dt equal to zero produces

the t's that maximuze the dose DR. These t's (denoted by tiM) are graphed

in Figure D-5 as a function of t. T.e. discontinuity in the first derivative

of this function that appears when ta is 21 days in Figure D-5 is the

result of the discontinuity in the first derivative of W(t) as given in

Equation D-15. It is useful to smooth the function in the region surrounding

L - 21 days and replot the function. This has been done to arrive at
cFigure D-6. which presents t m-t amt; (that is, the time interval between te

and the time when the ERD becomes a maximum) as a function of te The

value of the corresponding maximum ERD is presented in Figure D-7 as a

function of t This illustration, Figure D-7, presents the norma•ised

maximnm ERD, -R as a function of the activity entry time, t, for the

Case II situations where the maximum occurs before the activity is completed.

'Therefore, Figure D-7 applies to situations where the activity durations,

At, are greater than the tm-t e -At M

To compare the Case II approach to ERD that produced Figure D-7 with j
- D-13 -
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II

the Case I approach to ERD that produced Figure D-3, it is necessary to

introduce a fictitious At into Figure D-7. If this is done, then the
DR/At I

Case II result can be redrawn as f eH -M versus to and then compared

fdl fdH3
with the seae I graph in Figure D-3. To do this, the most logical At to

use in the Case II approach is Atm-tm-te as presented in Figure D-6 as a 3
function of te. Figurte D-8 was obtained for such a comparison by dividing

the !R values in Figure D-7 by the t -t values in Figure D-6. The dashed
fd H m e

line included in Figure D-8 in the curve for At a 32 from Figure D-3 3
extended to intersect the solid line (Case II approach) at the proper

position. 3
This completes the second approach to the dose received in the

performance of a t:.rtain activrty. The results of the two approaches

(Figures D-1, D-3, and D-7) aye summarized in Figure D-9 where the normalised

D D
total doee :".- and normalized maxim=• ERD, -2- are displayed u~p a

f dH f fdH

function o 1f activity entry time, te, and activity duration, &.t. In the

following section, these functions will be inverted to dia.lay the activity

entry time when the duration, At, and the dome to be re.ceived, DR or DT, are

specified.

E. A~civity ur edTm

The activity entry lead time is the time before which the activity

cannot begin if the duration, At, and the dose, DR or DT, are specified.

In the previous discussion the dose was determined in terms of the activity U
entry time, t, and the activity duration, At. These same expressions can

be inverted to give the entry time, tel in terms of the dose and the

duration. Expressed in this manner, ta is the activity entry lead time,

- I-DB - i1
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The lead time will depend on the normalized done, the type of dose (XUD

or total dome), and the duration. If the interest is in a specified total

dose, then from Equation D-7, the lead time is:

(fdH~t .833 •

t DT - •" hours. (D-16)

If the interest is in a specified maximum ERD occuring at the time t G t.t

Case I, then from Equation D-13 the lead time is:

I ,d t ).'833

If the interest is in a spoefied maximum ERI occuring before time ti ,

Case II, then the lead Lime is graphically determined from Figure D-7.

9 These t:hree approaches to the activity entry lead time are shown in

Figure D-9 (t V v.rasu normalized dose) and in Figure D-10 (Ct ve.sull

3 acr.ivity duration .,t). These two figures and Equations 1416 and D-17 will

ho "nod In'r in the following diicuseion to determine the effect of the counter-

measure, f., on reducing the lead time.

SCoiintriea sur._Effect opL&e•d.ime

From the lead time equations (E•uatiorns D-16 and D-17) it can be seen

that as the countermeasute effectiveness increases (that is, an fd decreases)

the lead time, te, decreases. This effect can be viewed as the lead time

I saved, T, as follows:

t- tt hours (D-19)

Where te is the lead tine without the countermeasure (a result of setting

d equal to 1) and t is the lead time with the countermeasure. Therefore,

D- 1-21 -
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the time saved when the total dose is specified is, froo Equation D-16,

C833
T - (Id) .833 d 3) hours. (D-20)

From Equation D-17, the time saved when maximum RD occuring at time
I

t+Ct\ is specified, Case I, is

- 1y8 L ) 83(fd ) hours. (D-21)

In these two equations (Equation D-20 and Equation D-21) care must

he exercised in estimating the error, The error ariess out of the error

that is contained in t and in ti n Equation D-19. Because thsaa rvo

terms in quation D-19 are of opposite sign, the errors ore also of

opposLta sign. Therefore, the error In T is less than either the error

in t or the error in t Because both t and t involve the same time

intenral, AL, and because t is less than t , the dominant 4-rror arises

out of the t term, This error increases ao t decreases and hence,
e a I

incr.oaaea as fd decreases (see Equations D-1]6 and D-17). Therefore,

'D-20 and )-21 canot be used as f approaches ero. (The actualI

orror in T is laen than the error in tLev vhich is less than the error in

1)T no given in the paragraph following Equation D-7.) If one is careful

rnot tn apply Equction D-20 when fd approaches zero (and, normally, when

fd is less than .2), then Equation D-20 can be interpreted as the product

(i potential maxitmum time saved,

T i .833

D- -23 o

t



and the fraction realized due to imperfect countermeasure effectiveness,

F- (1-fd' 3 3 ) , (D-23)

as follows:

T -T m (D- 24)

Similarly, Equation 0-21 can he interpreted as the product of T.m F, and I .

the result of biological recovery,

B (--.OOSOt)* 833 , (D-25) I
as follows:

T- T .E (D-26)

By interpreting Equations D-20 and D-21 in this meanner it ins easy to 1
quickly detormine the effectiveness of fd' of allowable ERD or total dose 3
constraints, an(1 of L in rcduciitg the lead time to activity resumption

e

with count ex)ieaiure activities. Tor this purpose, the thren Isortinent '
relationshipn, Equations D-22, D-23, and D-25, are displayed in Figures

D-11, D-12 and D-13 respectively.

The effect of d and on Lhe t.me aeved, T, when allowable total

dose is specified, can be summarized by nombining Figures D-11 and D-12 as

indicated by Equation D-24. The resultant comnpntte ii displayed as Figure

n-14. This figure presents tho tmn, 0avcd in dnyA as a function of the

countermeasure effective•nieo, f.w when the other variables are conmtrained i
in a particular manner. Two di fferent methods of constrainin4 the variables u
Are used to produce two sets of curves, In the firsat set oCf urves (aolid

.hoes), the normalized inten'ity, - is f ixed. If U.his y.e viewed a

-D-24-
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t.•i .h fi •ct equal to unity, then the corresponding solid rVel.le rpeAth d-
th.4te zaved to fd wieil the time to the center of the performance

interval, te + is held conutaat. This interpretation follows directly

from Equation D-7, which has t.+ at equal to .833 timee a constant, .

Because fd.l, the above time of entry, tel is the time the activity may

comemence when the countermeasure is not activated, In sumiAry, when the I
activity-intensity characteriatics, H, the allowable dose, DT, and the

sativity duration, At, are specified, the solid curve for !I . H

definon that situation and shows how the time saved in comencing the t

activity depends on the cotmtermessure effectiveness, fd' For the "me

situation, the actual time of entry can be determined from Figure DlI.

The second set of curves (dashed lines) in Figure D-14 is developed

by holding constant the time of entry with the countermeasure activated.

Thi is nceplished by altering ti• form of Equation D-20 as follow(s.-5

T " ).833 (l~fd.833) (D-20)I C-

833f (D-27)

in the dashed curves, the first actor,3 , has been held

constant, From Equation D-7, this factor is equal to te+ ? which is I
the time to the center of the performance interval when the countermeasure

is activated. In Figure 0-14, thece dashed lines were developed for the 5
case where no activity would be recovered before the end of a two week

D-28
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shelter pertod, independent of any countermeasure activation. This was

accomplished by setting ta equal to 14 days. The four curves were than

selected by Varying the performance interval, /At. The four curves, there-

fore, represent the bound of useable 9d, or T, when the time of entry

with the countermeasure activated is fixed.

To determine the time saved when maximum ERD occurs during the I
performance of the activity (rather than at the conclusion of the activity),

Case II, Equation D-19 is solved graphically by using Figure D'7. That In,

for A given normalized dose, H , the entry rime without the counteTeasura,

te is determined from Figure D-7. Then the effect of the coumtermeasure

is determined by obtaining from Figure D-7 the entry time ta when the I
D*

nonnalired dose, I , in used. The difference, t - te is the time saved

Un. the situation defined by the givnt value of

The three oppvoachea to time saved are combined and presented in a set

of perfonmance curves, Figures D-15 tbrough D-22. ach figure showe how I
t.hc tImC *rived vartias e a functlon of f.. the activity duration, At, and 3
the manner in which the dose (total dome or MD) is defined when the

normnlized dose, R , is specified. The figures cover normalined doses from 3
.16 to .00125 in seven steps. The activity duration* considered are 1, 2,

4, 8, 16, and 32 days (total dose and maximum ERD occurring before the end

of Ohe activity, Case 1), and an infinite duration (maxiumm ERD occurring 3
before the end of the activity, Case I1). .n addition, any curve not

e.'xpicitly presented can be quickly obtained in the manner discussed in the

preceding paragraphs of this section.

- D-30 - I
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1d

An additional set of performance curves, Figures D-23 through 11-29,

3 are included to i11uAtr&U-c LIII H, Ie td ...... ...... .

time to be saved is specified and total dose is the constraint. Figure

D-23 shows the effect of fd and Ie on the rulatiomship between H a&n

T. Each of Figures D-24 through D-29 show, for a fixed f., the K, Ie

trade-offs when the time to be a*ved is specified as 1, 2, 4, 7, 14, 21, 28,

J 35, or 42. days. This set of curves is presented to help delimit the range

of sItuations where countermeasure activities are potontially useful in

accelerating the recovery process. A general discussion of this range

Sof situations is presented in the following section,

111. DISCUSSION OF RESULTS

The preceding sectson dmveloped and presented curves that define the
J re,:overy lead time, te, and tite smotmc by which the lead rian• is reducedo

j I, as a function or:

(1) H, the activity radiation characteristics;

(2) !,,t the duration of Lihe ar;LiviLyi

(3) D, the allowable dose received ii; performing the activity;

(4) D - I , the effective dose rate while performing tne activity;
At e

and,

(5) f the effectivenesa'of the radiological countermeasure.

Having determined the effect of the above parameters, it is worth-

while to examine their combined effect for the purpose of estimating the

range of situations where recovery-orietated countermeasures appear to be

most useful. This final section will present such an examination in a

- I-39-
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general manner without reference to specific applications or examples.

The object here is to develop a picture of the time and place of valuable

countermeasure. applications.

ounterc factors that will receive direct attention are:

(1) The relarion of T to the lead time without decontiomination, t*

(2) The absolute value of T; and,

(3) The relation of T to the activity performance done rate,

D

A fourth factor, very important and difficult to evaluate, it the value of

fd that: can be achieved with a given amount of effort (manpower). 'Phis

factor relates the counterme~surn manpower effort to the activity of

interest. Because thin. appendix lio concerned itself with the effectiveness,

f and not with I:he monpowar effovt required to achieve that effectiveness,

this factor will not be! dincunsad in this appendix. I
'The First factor 1tatid abov(! cau bit interpreted an follows: If T la

to be v.luable, "-" It r. ua "at 1c..t bc a g...n per cent (@ay 0%, 1. or

,0%) of the activity lead time without u.9 of the Countermenasure (t ). That

is, iv general, Lif the nonnal lend time wan 20 dekyn, it would probably not

be too great an accomplishment to reduce it to 18 dayn. if the activity

was performed earlier, without ifuig any counterneasire (that ig, by

increasing the allowabLe dose), then the frnctLIonal increase in dose would

be the reciprocal of the counter•neasre effectivei-esa required t:o perforlu

For a diSecus•lon of this fact.or when decont.amination is the councetaxasure,
see Appon•n× ll.
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the activity earlier without increasing the dosn. Because the done I
cannot be reliably preducted or moasured to closer than 25 to 35 per g
cent of the true value,** one might insist that the value of fd should

he smnll enough so that if tho activity was recovorMd without using tile

countermeasure then the resultant increase in dose would be at loast

35 per cent. Thin means that f d would have to be less than .74. 1
If at the name time, one docided that, ia ordea for the counter-

measure to be valunible, the lead time would have to be shortened by

at least 30%, then fd should be less than .65, This can be seen by j
forming the ratio -. ,Thic is accomplished eithor by caiibining Equations

t

D-16 and D-20 (total dose) or by combining HEqations D-1.7 and D-21 (ERD).

&Z-rdleos of which e-ni)hinatioon is used, the following result is obtained. 3
L - (1+ 4t) (]. ' (D28)

t Zt

to): a J I eitua, tin, "At "n t thin be.omeo S.

--- K (1-~ 833) (D-29)
at*

where K approaches unity tu increases. If K-1, then T is 20. of

t when fd .76, T is 307. of t e when fd .65, and T is 40% of t when

f.54 (sco Fipw•e D-10). 'lese percentages increase as K increases and, 3
PxSe R;ferouco 2. Ij



hence, as increases. If, therefore, a 20% return was considered
te

marginal, then one mi:ght insi.t on a 30% return for the worst case (where

K-1) and hence would consider only those countermeesures whose effective-

ness was at least .65 (that is, consider only those situations where f d

was less than or equal to .65).

Combining these two approaches, the greatest value of fd that is of

general use will be set at .7, midway between .65 and .74. Note, that

the trade-offe among H, T, and - = I for this boundary case where f w'7
Ar.t ad

are presented in Figure D-26,

The second factor in the list can be interpreted as follows, If T is

measured in hours is it significant? Or, should it be measured in days or

. in weeks to be significant? This is another value judgement required in

assessing the practicality- of countermeanure operations. in general, it

would appear that T should be greater than one week if the operation is to

be feasible. If a minimum T of 7 days in necessary and a maxintun fd of 7

ia necessary, then the range of H and 'e where use of the countermeasure is

feasible can be seen in Figure D-26. In Figure D-26, the boundary case where

fd-.7, it can be neon that T k I week if 100. That is, if H-l000, then
d0

I should be less than 10. Because I e At Dif 1200, then /At ehoul.d he

longer than 20 days for the countermeasure, in general., to be worthwhile.

As another exap)le, assue the countermeasure efficiency, fd was .5.

Then, from Figure D-28, H- should be greater than 50 if T in to be
e H

greater than one week. Let H1=1000 r/hr. In this case > 50 implies that
e

D-49



I < 20, or that D < 20 At. Thus, if D - 200r, then Lt > 10 days

0 Z.r T

is a situation where the countermreasure is potentially valuable. Obviously,

the range of appicabtllity %t > 10 days, is considerably wider than the

range when fd - .7, which was !\t > 20 days.

In snnimry, if Tin is the minimum useful T. and if fd is given,

then Crom the proper fd figure (one of Figuies D-24 through D-29) a constant

K (fd' Tn) cnn be dotesi:mned such that 1L > K(f T n) insures that T
e

will be greater thLan .Tmin' Therefore, the progression, 3

>-K(fd Tmin) i

4 f,- > (D-31)

D ( TT

At> DT (D-2)

and in parti,.u.ar, the .aqt inequality, defines the corresponding range of I
situatious, /.,L, BT, tind 1,, where the fnuntermeasure, is potentially valuable,

In regards to the third factor on the list, iit is interesting to

examine only the ratio ._; and obtain an indication of its value. As was 3
done in the case of the first fsator, F.quartions D-16 and D-20 may be combined

to yield: i

T I+.t .833)
.- q - _L; (I-,td (D-33)

'nhis relation is probably most tiportant when At -is small, (say, lees than

,ý dvas). In such cases, one might investigate under what conditions T/At

ijoitd be greater that- ]. To do this set fd equal to .65. Then, if

- D-50



Ii
t t

2, .75. and similarly, if - = 5, L 1.65. In this i•,sier
At. At At

re T

it ils eazy to determine the range of .. if a winimun valu•e of is
specif-fad.,

The above is presented as a brief treatment or several factors of

general interest when assessing the applicability of countermeasures used

to speed recovery. In order to arrive at specific conclusions, rather

than broad, general ones, it is necessary to study specific examples of

various countermeasures applied to particular situations. It is for this

Stype of study or operations planning that the curves in the preceding

sectLons are prenented.
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* Appendix E

Studies of Decontamination Effectiveuess

I 1. INTRODUCON

I A. Obiectives

As a radiological countermeasure, decontamination can be employed, to

achieve cme or more different operational objectives. For example, it

I •may be used to accelerate the re-entry and recovery of a contaminated

building or building complex. It may be used to reduce the radiation

hazard associated with a continuing operation such as a power station or

I communication link. It may be used to reduce the ratiation done associated

with a change -in operations, such as 1142 week shelter emergence. In each

I of these applications and others that may arise, decontamination achieves

Lhu objective by removing fallout material and thus reducing the radiationI
Sintnennity in the neighboring space. The degree to which a particular

opcratinjil objective is achieved, depends on the effectiveness with which

decontamination reduces the intensity. This in turn depends on the amount

of fallout material removed from specific contaminated planes as a result

of decontaminating those planes, and on the importance of each plane as a

contrihutor to the intensity at the point where the intensity reduction is

measured or desired.

This report examines the reduction in intensity that is achieved in a

Svariety of circumstances as a function of the manner in which planes are

decontaminaLed and of the importance of each plane to the intensity at the

Sdetector location. In particular, the analyses are formulated to accomplish

I - E-1-
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the following primary objectives:

1. Determine the intensity- red bn --th att&-bw aiauved by . -

decontamination methods applied to practical situations tnvolvirg

real physical structures..

2. Determine the intensity reductions that can be achieved whan the

detector is located inside a structure and when the detesot 41•

located outside the structure. I
3. Determine the decontamination costs (equipment, water expended, 3

radiation dose received by the decontamination crews) in auhieving

the intensity reductions. 3
4. Determine the sensitivity of the achieved intensity raduti.,on to

the cleaning efficiency of the decontamination operation (and, U
therefore, to the type of decontamination method). 3

5. Determine the rolative importance of the various surfeaes (.-ofs,

paved roads, parking lots, etc.) that can be decontsimnfid tim

the intensity reduction that cau be achieved.

To accomplish the above objectives, ten situations were analysel.

Each analynis forms the basis of one of the sections of Chapter I1, mitw

analyses, Chapter II, Sections B through J, investigate the effect oy'r :ho

intensity reduction, inside and outside existing NFSS shelters, of doto ntami-

nating the various accessible contaminated areas on end around the vlo;ttter

structure. These analyses are summarized in Table E-IV in Chapter VI'

this appendix. The tenth analysis, Chapter I1, Section K, is a parsi. -ric 3
study that investigates the effects of certain structural parametern (floor

and wall weights,apertures, story of the detector, etc.) on the inter,;[ty I

- E-2- I



reduction re.su5lting trom dpcontaminating a variety of contiguous contaminated

planes. Chapter II, Section L is a parametric study that investigates the

width and length effects on outside intensity reductions as a result of

decontaminating various street segments in an urban area.

All analyses are formulated so that the effect of deontaminating

selected subsets of the accessible areas (roofs, street segmentO, parking

* lots, etc.) with any leval of decontamination effort may be determined

quickly and easily. Although the analystis assume a uniform distribution

of fallout material, a method by which the results can be modified (or

interpreted) for the situation involving non-uniform distribution, is also

presented (Chapter 1, Section F).

B. ~cmin~jtionData

Decontamination efforts are applied to relevant contamin ated surfaces

and the fallout material removed is estimated using the information developed

at USNRDL (References E-1, E-2, E-4, and E-5) and Curtiss-Wright (Reference

E-6). 'lhe decontamination effort i.e measured in terms of the resources

required to decontaminate, to a given level, a specified area (squar. fast)

of a specified matetial (asphalt, concrete, tar paper, ground, etc.). The

resources employed are sper•if .d by desci ibing:

I., The type of equipment used (street flushers, firehones, etc.);

2. The iinuber 6f workiny, pet'nioacl required;

.3, The resourcoc expended (Sallons of water, fuel); and,

4. 1he tima required for the decontamination activity.

liIs .peciýl.eCition -is rnlstric-ted to the actual. decontamLunting activIty

-rl ]dence does not incbtd ! surb iSU~h rn•;-

t..1 -
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1. The time required to transport people and equipment to and

from the site; O

2. Resources required for the above transportation; 3
3. Requisite coordinating command and control activities such an

radiological monitoring; and,

4. When appropriate, additional resources required to transport

the collected fallout material away from the decontaminated site. I
In general, when decontaminating a specified structure, three types of

surfaces are invoetigated. First, the roof of the structure itself is I
decontaminated using firahose teams. This effort normally requires a seven-

man team v:orking .3 to .4 hours per thousand square feet to remove 90 to 98

per cent of the fallout material deposited on the roof (Referense E-6).

Scond, the paved ground surfaces (roads, parking Iota, and playgrounds)

adjacent to the structure are decontaminated, In thin ease variou, methods

including firehoee teams, street fluehers, mechanical sweepers, and vacuum

sweepers are employed, When equipment other than firchoeee in used, it

normally requires a one-man team working .01 to .04 hours per thousand square

feet to remove 90 to 9B per cent of the fallout material deposited on the

surface (Reference E-6). Mhen firehoses are used to clean the paved =am,

it normally requires a five-man t•em working .04 to .2 hours per thousand

square feet to remove about 95 per cent of the fallout material deposited on

the surface (Reference EQ6). third, when appropriate, the roofs of adjacent

buildings are deeontamluated using six- or savon-nun firehose teams. For

each surface in each study, the methods employed, t:imes required, ond

fraction of the falleot r•aterisa removed are specified.

E.-I EA
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C. Structures .Aalyzed

As stated earlier, one purpose of this facet of research is to applyI
* decontamination efforts and efficienciets to retl phrysitZ - .rtures -, __ _

to estimate the intensity reductions that can be accomplished -in prActicaIl

situation.-, To acuo=plish this, nine structures were selected from a

previous study of NFSS buildings where building protection fa•tors (PF) etg

computed (Reference E-3) using the Engineering Manual (Reference E-7).

In addition to the. nine real structures, a tenth hypothetical structure

is included to examine the effect on the intensity reduction of certain

factors such as:

1. The inclusion of interior partitions;

2. The floor on which the detector is located;

3. The percentage of apertures; and

4. The mass thickness (psf) of the extea-ior walls.

In this parametric study, and also in Chapter II,- Sections B, G, and H, the

intensity reduction is studied first with the detector located inside the

structure, and second with the detector located outside the atotuit.-Wfhlin

the detector is located at ground level outside the structure, it is

interesting to note that no intensity contribution is received from contami-

nated roofs of the surrounding structures. This characteristic (from

Reference E-7) is not expected to be valid when the surrounding structures

have. low PF'Fs (such as might be encountered in analyzing a shopping center).

1D. Intensity Reduction Calrulation

The determlnation of Invotnniy reduction brought about by decontamination

efforto Invoiver, the tre! of sevra, terms (or definitions) whose meaning should
T

F-5
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be clarified before entering into the individual analyses. These terms

will be developed and enplained using a siepie examle S•gOi lyo1Fout le

presented in Figure E-1. The structure of interest oucupite one-half, oef

a city block and has paved surfaces (roads and parkinS iota) on & 11- fo•r'..

sides. As in the actual analyses, detailed ditension. will not be Lnalud;i

on the map. Two detector locations will be considered; Number 1 loaatio' is

inside the structure, and Number 2 location is outside th* structure in theI

center of an adjacent street. The effect of decontaTinating thr®e surfaces -

a roof, a parking lot, and a street segment (numbeis 1, 2, and 3, respiedtiv6ly)-

on the intensity at the two detector locations will be determined. 3
The first factor to consider in an analysis is the extent to which a

contaminated surface is cleaned. When decontamination resources are applied

to a specified area, the -f.fect of the effort is measured by the achieved I
reduction in residual mass level of fallout material. This effaect is specified

by the fraction of the fallout material deposited on the area that remains on 3
the area after the decontamination operation is completed. Each surfae:e

decontaminated will have an associated fraction. The .th fraction, asnociattd

with the ith area, is called the mass reduction factor, E,, of the ith aroa.

It 1.9 defined as follows:

Ei

where m, On mass deposited on the ith aren, and m i mas remaining on the

Ith area after the area has been decontaminated. Both m, and ml. are assuved

to be uniformly distributed over Ohn surface of interest.

- U
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If no material is removed during the decononuation operetion, theni

Ei- 1. If all of the fallout material is removed in the procUes, then E, 0.

in general, Ei in a function of the laval of decontamination effort applied

to the I" area; it will be Ions than one auii tr• .o•e. , n , .

Figure E-1, there are three areas to be decontaminated, and, tbarefo•.,

there are three mean reduction factors to be considered. It 85 per cast of

the fallout material is removed from the roof, outface 1, than I ,I . If 3
95 per cent of the fallout material is removed from the street segment, then

E3 - .05. If 90 per cent of the fallout material is removed from the parkn-ing

lot, then E,..10, Numerical values of these factors are found in curves 3
that relate the maas removed to the effort expended. Examples of such

curves, taken from Reference E-6, are presented In Figure E-2. 3
Removing a portion of the fallout material deposited on the -th 'e

will decrease the radiation intensity in and around the structure, The

magnitude of the resultant decrease will depend on both the location of the 3
point where the intensity is measured and on the type and location of structures

in the locality. Therefore, in Figure E-1, the effect of E2 0 ,1 on the 3
intensity at detector location one will be different from the effect of 1 2

on the intensity at detector location two.

In addition to depending on the dctector locations, the fraction by which

the intensity* decreases will depend on the intensity contribution from

fallout material remaining on the other contaminated areas. To determine the

composite affect of Ei on the intensity at detector location J, it is necessary

to calculate or measure the point intensity• at location J, I,, and the portion

of the point intensity that is due to t~e contamination on the lth area, 11,, o t

All intensities are assumned corrected to eliminate the effoct of decay.

- E -8
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When the distribution of fallout material ll nfeihbaring SP.OC is •pcifiOds 1
these intensities, IX and -i,3, can be -asb ua ia- the - -,.

in the OCD Engineering Manual It, ,-S

1. all contaminated areas contribute indepan' flY b'-f17?tt

intenaity at location j (that is-, I I -w . " .

number of contributing contaminated Areas); ad e-

2. the intensity due to the ith area is directly proportional to 3
the fallout material on the i -h area.

the intensity at location j after only the kth area is decontam5.nateds i
k iI

I k C-I (R-l ,) . (I3-2) I

Ofbvimnily, If all fallout material is removed from the kth area (the

ideal case where E k - 0) then

m k zj . (2-3) 3lj - ka

In this ideal situation, the fractional reducti•on that has occurred

is called f the ideal intensigt reduction factor of the kch contaminatedkJ

area relative to the j th detector location, and is defined as follows:

f* . -I I j 24
k•,j ,,[t k] "1 •(1-) 1

k•j I

For each contamtna.ed arnw- and detector location, this factor f* may be i
Calc'ilated u1InI the Methodie outlined in the OCD Engineering Manual (Reference 1-6).

The factor repreaentS tOle ,i.,actional reduction in intencity that can be

achieved at detect~or loion , y perfectl.y d•contmi.nating ouly the

achieved ~ ~ ~ ~ -1 atdtco .c~tn ;t



3 contaminated surface (Es, " 0). In the studies presented in Chapter i1,

these factors were calculated using a aolutar proeil o4evloped at R TI

for calcul1atIPS the prtoearion factowo o~f fallo~it fihel-tv. in1 ELý1'

3 these factors have been assigned the following representatt•a•v*lues:

at detector location1 Il.7 , ,. 'I;

SlurfeasI 1 f , a .70 _: . ...- •..

surface 2 f 2 1 - as

surface 3 f. 7 ....3,1 . .-

at detector location 2

surface I 1,2 - 1.0

surface 2 f 2 -92

eurface 3 f2, 2 - .13

Let the intensity at detector location one be lI. and the intensity at

"detector location two be 1 2. Thus, if surface 3, the street segment, is

perfectly decontaminated (E3  0), then the new intensity at detector one,

3

3 *
12 . f3,2 12 13 12 (E-6)

That is, by removi'ir all fallout material from surface 3 (and only

surface 3), the intanoity at detector location one (two) is reduced to

75 per cent (13 per cenc. of its for,.er value. In contrast, if all fallout

mJteri41 is removed trom surface 1 (an only. from surface 1), then the

intensity at detector location one is reduced to 707. of its former value

while the Intensiry at detector location two is not affected (f

S- r-ll -



I
The ideal inteknsity reduction factors, f; 1 , form the core of the

intenulty redcti.m" an.-•!ysee. At the behinning of each analyeis. they are

determined for each Aurface of interest relative to each detector point of

interest. In terms of these (the f* Is) and the mass reduction factors,

Eul the intensity reduction at any detector location can be determined f . . .

any combination of decontaminated surfaces. To develop the apprcprinte

expression for this, first consider the intensity reduction achieved at 3
detector location j when surface k (and only aurface k ) is decontaminated

with E # 0. In this realistic situation, the fractional. reduction that has 3
occurred is called fk,.' the intensity reduction factor of the kth contaminated

area relative to the j.tL detector location, and is defined, using Equation E-2, I

as follows: 3

fk1JE I (E-7)

This factor is more conveniently expressed in terms of E and fk, Ias

k k,j , + ('"kJ k (E-8)

In Figure E-l, as before, let the intenftt:y at detector location one

be 1I, and the intenaity at detector location two be 12. In addition, 3
nseurne that 95%. of the fallout material deposited on surface 3 is removed.

That is, let L' 3 .05, As a result of this operation, the new intensity at .

detector one, 1. is (

31 =(.75 + ý25 x .03) Ti

:.625 1 (r-9) 1

- E-12 -



* ~n-I

In

". -in-1 S.

= 1 - M + 1: fl, (E-114)
1-1

where fnJ represents the contribution from the surfaces not

decontaminated.

Returning to the example in Figure E-1, consider the best

intensity reductions that can be achieved at each detector location

when the three surfaces are perfectly decontaminated.

At detector location 1,

3

F, r fi, + I 3
'II

- .70 + .88 + .75 - 2

.33 (E-15)

At dotectnr location 2,

F 2 Y" f' : 1.,2 + . - '
'1-.

yI + .92 A - 2

r- . (,. (E- 16)

That: is, if the intensities bofore any dcontaiminat:ton is performed are

I and 1,, and it surfacen 1, 2, and 3 are perfectly deonntaviinated, then

tihe irjtc:nm ties after the dcon•tamination is performed are .33 1I and

.05 C2 reapecttvely.

; £he r-aIqt•tc urituatinn, w.here the nass reduction factor. arre

not: eqkiv1 to ze-ro, it b a qimvpit& fo wýasr tt: SnoV" that the combinedl ivng-Ittt-



reduction factor, FP, may be obtained from Equat-iui E-14 by emerely

substituting fi.j in place of fi, and Fj in place of F That is,

m

F j f + i -r+ , (E-17)

where, as previously stated, f in equal to f, + (1-fl,) E1 .

Equation E-17 is the expression that gives the fractional reduction

in intensity that results when several surfacer are decontaminated.

To see. how Llosely the ideal situation is approached when practical

decontaminatiLn methodst are employed in Figure E-1, let B 0..15, E .10,

and F. .05, Using Equation E-8, the intensity reduction factors are:

At detector location one,

f . 70 + .30 x ,15 - .75

f2,1 " .88 + .12 x .10 , .892

f1 " 75 + .25 F .05 .7b25 (E-1.8)

,3,
a ~ i T1mra fnrp

F - .75 + .892 + .7625 - 2

.4045 , (E-19)

;out. (f a possible F .33 as determined in Equation E-15.

At detect~or location tw.o,

fl, 1.01,
S .92 + .08 x .1 .928

f 1,2 .13 + .87 x .05 .1735 (E-20)



Therefore 1
"2- !735 + .928 - 1iII

- .1015 (E-21)

out of a possible F = .05 as determined in Equation E-16,

On the other hand, if only the ground level surfaces (2 and 3)

were decontaminated with E2  1 .10 and E3 .05, the following results

would be onrtained:

At" dtetctor location one,

f2,1 ' .88 + .12 x .10 - .892

fo3,3 f .75 4 .25 x .05 - .7625 . (E-22)

There~fore;.

F1 - .7625 + .892 -1

= .6545 (FE-23)

At det.ctor lo.natton two, I
S22 92 + OR 3 .1 .928 3
f3,2 13 + .87 x .05 .1735 (E-24)

"Therefore

V,- .1735 + .928 - 1

.1015 (E-25)

In the above calculations, the factors that are necessary are.

(1) the f, ,'s and (2) the E.i's. The Ei '1 art obtained from cur'vesg

and the f* 's are calculated with the techniqueb used to calculate

the protection factor of the stfnucrure itself (Rteference C.-7). The

- E-16 -



j combining of these two sets of factors is the pritfsary portion of the

analyses presented in Chapter II, Sections B through J.

E. Practical Considerations

In this final section, three topics are discussed: (1) on-site

postattack measurement of fi,,; (2) sensitivity of f ,j and Fi to the

value of the mass reduction factor Ei and appropriate simplified expressions

for F j; and (3) analysis adjlus'tnrnts to account for weathering in calcula-

tions of F EUch topic will be discussed using the example presented in

Figure E-I and the definitions presented in Section D of this chapter.

Ii tipg the methods presented in Reference E-7, the UCD Engineering

r Manual, the pertinent Ideal intensity reduction factors, IF i and FP can

be determined for a 85-i.ci.ii, building just as the protection factor itself

can be calculated. In the postattac.k environment, however, these factors

w llc he. unknown , and one nvast conduct an on-site measurement of the

factoars f in order to decontamiiinau in the :.ost effective manner. Art

ndditional reason f,',r thtq measurement. is that expected weathering will

cause a redistribution of fallout material. As a result of this redi.itri-

hution, the values of the f factors (and, incidentally, the protection

factor itself) will change, and therefore the off-t-l: of decontaminating

specified areas with respect to specifi.ed detector locations will change.

What previously were important areas to decontaminate may become unimportant

(and, also, the reverse). Therefore, it would be desirable to check values

of the f. s by measurement prior to commePucIng decontaminatJon operations.

Ail on-site estimate of iUportant f factors can be made with

appropriate directional decectors. This ran be seen from the equation for

- E-li
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I
.1 > E i > .01). These two errors - using E,- .06 rather than E - .1 or

- .01 - are displayed as a functiun of F ic, Figure B d a
Figures E-3 and E-4, it is evident that the actual values of El are not

±m

very significant in determining Fj when F is greater than .2. Therefore,

when F is greater than .2, the approximation

F* F1 + (1- F) .06

-.94 F~ + .06 (E-27)

is useful for quickly estimating F . This approximation is appropriate

in situations where the detector is located inside the building. In

that situation, there are several contributing planes - ground and roof - I
of contamination. Fach plane will have an appropriate mass reduction

factor, E., that is loss than .1, and, for most cases (from Figure E-2),

greater than .01. If H was assumed equal to .06 for all planes, then the

maximum error in the calculated F would arise in the equally unlikely I
situation where all E' Iwere actually .1 (or .01). In actual situations

where all EiIs were assumed equal to .06, the actual value of Ei would lie

between .01 and A, on both sides of .06, and the errors that result from

setting • .06 would tend to cancel out, resulting in An error much less

than the maximsn errors shown in Figure E-4.

In contraes to the above situation, when the detector is located I
externally, there are very few contributing planes - ground-level surfaces

only (Reference E-7) - of contaminatiou. In particular, the plane above
*

which the detector is located is so significant v contributor that F can

often be assumed equal to the f of that plane, In addition, this f

- E-20 -
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tenads to be less than .2, and, in maony cases, less than .03. For

such circumstances, it is convenixnt to set f equal to f1 , E

rather than f, + ('fiJ) E" When f * is less than .1, and F is
i' ' ilj I1

less than .1, the error that results from using this approximation,

f iJ - f*, + E is always less than 5.3% as shown in Figure E-5.

F. Non-Uniform Distributions 3
When it is desired to predict the effects of weathering or 3

redistribution of fallout material, the preceding discussions are

applicable if the value of fij is properly modified. The adjustment

of fill is developed from the basic equation for the intensity at

detector locati.tm , 1
Ii = )= .t,(E-28) I

if the fallout material is shifted about, the intensity at j becomes I

I, k I (R.29)

where ki is the fractional increase or decrease in material I
deposited on the i h plane. This expression can also be written as

(E.-30)

where k is the fractional increase or decrease in intensity at

location J due to the redistribution. From Equatlon E-4,

f, I (E-4)
i,. E I-

- E-22 -
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the appropriate f after *eethering hasioccurred, f, becomes

f kE I ij (E-31)

i!

or
** kt *

f1,j - (1 - iff. (E-32)

Naturally, if the weathering does not change the intensity at

location j (ki 1), then the ideal intensity reduction factors

become Ij

f - k1 + k f . (E-33)

11. INDIVIDUAL DECONTAMINATION STUDIES

A. Introduction

1. Contents

This chapter presrntr the results of the application of

decontamination efforts to some real nnd hypothetical situations.

The first nine studies, Sections B through 3, primarily investigate

the effect on the intensity reluct.ion inside of nine NFSS ý,.hrlters

as a result of decontaminating accessible contaminated areas in snd

around these structures. The structures are as follow.s:

- E-24 -



r

Section B Six-Story Apartment BuildingS•!8 Went 182nd 3treet.

Bronx, New Yov*k City

New York

Section C Six-Story Apartment Building

362 West 52nd Street
Manhattan, New York City

New York

Section D Twency-one-Story Office Building

310 Park Avenue
Manhattan, New York City

New York

Section IT General Dyestuff Corporation Building

435 Hudson Street

Manhattan, New York City

New York

Section F High Sclhool GymnasiumA,

Bennett Street
Boston, Massachusetts

Section G simnods Press Building

37-49 South Avenue
Rochester, New York

Section Hi Department of the Interior Building

18th and C StreetL, N. W.SWIanhington, D,. G.

Sectiur 1. Three-Story Department Store Building a

619 Main Street
Houston, Texas

Section J Bell Telephone Building
IfIO Pine Street
St. L~ouis, Missouri

"hese buildings were selected from a group of NFSS buildings for which data

necessary toy the various calculatiom,, were Yeadl.y available.

For each structure, the Intensity r0.ductlan is determined for each

accersibio nreA individually, and for ail areab combined, f•-' Variom levels

of selected decontaminat i n wethodo n addition, thesoe Studiev vh;w:

7



4

decontamination nAn-hourn for each Intensity reduction; the

nentiti'vit.y of the achieved reduction to the cleaning efficiency

of the dpecontamtnation operation; and the relative importance of

decontahninating various accessible arens. The costs in water and

fuel. can be calculated for each case study by using the expenditure

rates in Tables E-1 and E-11. 4
Ii n ,|Ilton to t•h. above structures, a tenth structure,

Section K Five-Story Parametric Study BuildLng
Ficticious Location

in included to exiamino, iv. a controlled parametric manner, the effect

on radlation intensit: redtiction of several strucural Eeatures

i.mportantL In radla1..!ion mhieldtng.

Section L is a parametrR atudy of the affects on outside intlensity

rtdChiti.on. of: decontaminating streot negr•,itn of various lengthn and

Si d thr.

Alsu lnrlbided in three of the nine studies are data tor detector I
locations notside of the nt-uctures,

2. Presvntation of the DataI

"I'h.e rlctfitled 1eiw. ito of dececntanminatlon studies for each of the

nine real t:ruc.'.ures are profented in Soe•tions B through J. For each I
s~vtv<tvire, tlie fol.+),niiii w'talysir rmteriai in prefiezlt:ed-

( Building nddrk.gs, detector hocatioa in the .tructiure,

and tt, prote-ction fa,-tor (nc Ce,' tic, 29-'2c for e-ach

structure, paIaigrnphs B through X b<=low)



5a (1.) Description of the relevant decontamination areas,

including identification (e.g., I. roof, 2. parking

lot), surface material (e.g., tar and gravel.), and

area in square feet (see Section 2d for each structure);

(c) Ideal intensity redtction factor (fij ) associated with

each decontamination area. These values indicate the

relative importance of each area to the intensity reduction

that can be achieved for the structure. In addition, the ideal

combined intensity reduction factor, F,, is given. This value

is the best possible intensity reduction factor that can be

achieved for the particular Rtructure by perfectly decontami-.

nating all selected areas (see Section 2e for each str.cture);

(d) Man-hours, and effect~iveness data for each iudividunl area.

Effectiveness data are. expressed in terms of the practical

intensity reduction factor which can be achieved as a tescult

of applying varicur leveln ef eon.,anetai'n efort for

selected methods of decontamination. Corresponding decontami-

nation costs in water and fuel. may he derivpd from Ta01e9

E-! and E.II, extracted from a draft of a Federal Civil

Defense Guide (Reference E..8); I
(c) Combined praci-ical In tnolty t:eduction fActors, FV, re.'ulting

from decontanitnating nonv or more of th. selected artlas

ass-ci:' ted ýAthi ti-o strucrture (s~ee Sectiofk 2y, foy eýach

sLrnzr trt) A

"1,

-4-.2
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(f) A discussion of unusual factors or items encountered

in the analysis, when appropriate (Section I for each

structure); 3
(g) A map showing the location of the building, the location

of the areas to be decontaminated, and the location of the

detector (Section 3 for each structure); and

(h) Photographs, when available, showing the building, its

surroundings, and the areas to be decontaminated (Section

4 for each structure). 3
For certain selected structures (Sections R, 0, and 11), an

outside detector as well as an inside detector was cousidered. For

these studies, the following additional information is includdt. I

(a) The location of the outside dtector;

(b) The original PP at the site of the detector; and I

(c) Some ideal intensity reduction factors (f * vale)

assocLated with the outside detector And the contributing

planes of contamination.

3, Manner of hialy.is

a, Effectiveness I
Specifically, a pArticular area (contaminated plane) is

nanc::ed, and a decontemination method (e.g., street sweeper)

applied at cone or more levels of efort to achieve one or more

twse reduction fActors, Rip for the area. The relation& between

E--30 -



effort and mass reductiou fctors are given in Tables E-T. and.

9-11, extracted from Reference ,-S.

jThe practical intensity reduction factor achieved in

applying a particular E to the area is computed by use of

Equation L-B and the ideal intensity factor, f*f the area.

For combined strategies (more than one area decontaminated),

the reduction factors are computed by combining the intensity

reduction factors for tht various individual areas in the manutt

indicated by Equation B-26. Each combination of E . and

decontaminatiou method is identified by a strategy identifidatif

symbol (e.g., lTOl-i, fit* hose on tar and gravel roof with

1 , - .01). These may be interpreted by refeerate to Tisblan E-1

and E-I1. Results of theme calculations are summarimed in

Table E-IV (see page E-35).

These strategies were selected to provide an indication of

the sensitivity of Ohe practical intensity reduction factor to

the Ei (and thus the associated effort) for the given area and

deconranination method. Further, the c~ombined strategies portray

the range of practical intensity reductions obtainable for real.

structures hy decontamination, along with their costs. In

addition, they illustrate the sensitivity of intensity caduction

in the structure to the manner in which effort is allocated among

the various areas.

b, Costs

Cost data for aiugle and combined strategiea urf given in

I



terms of total man-hours of effort, w~ater and fuel usage, andI

crew dose. *Man-hour costs are calculated by relating 64. unkit

Section 2d for each structure) f or each stagle .stvatogy W.1itt4c A-

in Section 2f for each strucrure) and aunuing for all dveeaptqo

nsated. areas. Other kinds of costs (e.S,, gal.lotis of votii)oep I
becomputed by similar use of the data in Sections 2d and 2f for

each structure, And TCables E-1 aud 1-11. Should the reader Vant,

to make Aimilar calculations of the per cent of fallouit removed3

by decontamination, he is rgrminded that the initial irmsa loading

of fallout material affeicts the pqt cent of fallout raw'vd f* -a

specified effort. 1Vurther cousideratiemp and expsxiumkM ~i*f- -

Are contained in Reference E-4.

4. Bunsary of Results from Decontamination Studicj .-..

a. The Nine Real Structures

The Purpoau or this fiecti~oii is to mufm~rixe tbit de.14114

analysis date associated writh the nine real atruattire ,atudies

presented in Sections D through J. In tinterpreting ýtev

results, It should be noted that mine* these structures wereI

a elected from actual NFSS data, they may not be representative

of thorse buildings which it would be desirable to decontamuinateI

in the postattack period. Further, inferences drawn from

7-For each of the nine nt~ructwrts~, *savve cealulationi ot crew dooe for
each strategy in given corresponding to an initial reference intensity of
10,000 rlhr and a decontamination time of 11+2 wee1rs, Sitco an initial

.rniyof 10,000 r/hr will -approximitately decay to an intensity of 10 rfhT
in two weeks, these crey dono~ wert calcuh&Cod cimply by rnultiplying the teamn
hiours of effort by 10.



=* -:7:- -• •'• =• • .. --

th-ee individual structures MaY .ot be applicable_ to

larger complexes of buildin a or isolated buildi.ngs not

surrounded by other etructures.

(2) Ideal Reduction Fators (f a"-ROntn eii .'

r Table E-II sunmmarizes the eambiyed ideal r•dudtifiý =

factors (FP' s) computed for each of the nine structtae .... -- __

and provides an indication of the increased protection .

brought about by perfectly decontaminating the accessible

areas. For seven of the nine structures, the intenaity

I which can be removed ranges from 86 to 99.9%; this S ..

equivalent to increasing the protection by factors r•waging

) from 7 to 1000. For the other two structutres 68 par olit

and 79 per cent can be removed, This cortU6:8I4d-t a.. --.

I.increase in protection by factors of 3.1 and 4.6.

(3) Rcduction Factors Achievable in Practipe /

Although practical values of intensity reduction faclora

approaching those F as given in Table E-Il could be achieved,

F it may not be desirable to expend the effort nacessary to

achieve "perfect" decontamination. Vie data in. Table E-1V

provide an Indication of practical combined intenaity reduction

factors, F1 , that could be achieved for these structures for

I silected dacontaminatino strategies. For each structure,

the F its and their correaponding costs in man-hours of effort

are given for •hrco sets of selected strategico. These

E- 33I



TABLE E-111

rnmbined Ideal Intensity Redtlation FagkOt5lQ Nifl,.tlect64 strUCti'raa -

Str1ucturo- Kornai tig of___________

B 5.135 7.4j

c 73 .143 7.0

D26.044 22,7 .I

1126 .001 1 x103

F 116 .017 58.2

G 47 .007 1.43 x 16'

H1090 .210 4.8

I26 .001 ),10 3 I
j127 .322 3.1

-. E-34
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strategies are formed by the cleaning of one or more of V

the accessible decontamination areas. The individual

strategies which make up each combined ntrategy arm

identified by a symbol in Tables E-X and E-1I and in the

detailed results in Sections B through J.

(4) Effect of Ji el oqf Rcontam•ation effort

The first two sets of combined strategies are idantical

except that a smaller E (more fallout is removed) is

applied to each arma for the first. met of strategies than

for the second. For the second not of strategies (lesser

deeontamination), tt can be seen that fromn 61 per ustn to

92 per cent of the intonsity could be ramoved from these

structures at a cost varyin, from 0,4 to 8.7 man-hout., For

seven of the nine structures (excluditg l•n d J) from 74 per

cent to 92 per r-nt can be reoved at a cost from 0.4 to 2.6
man-hours. For the first set of strategiesn from 63 per cent

to 98 per cent of the intensity can be removed with constu

ranging from 1.5 co 33.4 man-hours. In seven rif tine eases,

from 78 per cent to 98 per cent can be removed at a cost

varying fro. 1.5 to 12.1 man-hours. The maximu•. amoitnt of

time any crew member spendsi deo•ntaminating for either the

first set or secand of combineci strategies is 6,7 hour•

(Building H). It should be noted that firehose teams consist I
of more than one man and that team-hours of work will be less

than man-hours.

- E-38 -



It cun be seen by rcmparing the Iecond set of

| ~strategies to the first set for each atrutcture Omi~t,

in general, the Cast increases considerably ns one

attempts to decrease F1I toward F. For example, for

structure G, 75 per cent of the intensity can be removeA

for a cost of 2.4 man-hours; however, to tonove 84 per cent

(i.e,, 9 per cent more) would require 11.7 man-hours. Thus,

by applying more effort to achieve a lower Ei, the protection

is increabed from a factor of 4 to a factor of 6.25--or

the protection is raised by an additional 56 per cent by

applying more ef fort. On the other hand, the cost is

lnc c•:jcd by an additional 388 per cent in order to achieve

this protection.

A (5) Allocation of Decontamination Effort

'lio inqiortance of properly allocating decontaminatiaot.

"Uqont OmwL rh vorlous accessible contaminated areas can

b, inferred by cornpa't'ing the third sear of combined atrataaias

with tb- second vot. The third sot of strategies to the. use

of a single decontamination mothod on the single area that

contr hutes the most intuenaiLy to the detector. The ,econtami-

nation rnethod usd on the area is the same as that used in

the second set of combined strategies. The rmethod is,

howewor, appLio:d more extensively (i.e., Ei to smaller) in

the third set tLan it in In thescond, In the second set,

a s.naller effort is applied to this area, but eWfort in

- E39



applied to other areas as well. It can be seen by 3
coriparing the third set of combined strategies with the

second set in Table EIV that, in general, conuiderably

more of the intensity will be removed for these buildings

with much less cost if the effort is allocated over more I
than one accessible area (as in Set 2), rather than applying I
extensive effort to one area (Set 3). For oxample, for

Structure D, 4.88 man-hours with a street: sweeper are

applied exterimively to Just the primary roady and sidewalks

(Set 3), 54 per cent of the intensity will. he removed.

However, if 1.64 man-hiours with a street sweeper are applied i
leas extensively to the .ame area and to other accessible

areas (other roads and sidNwalks), 81 per cent of the

intensity will be remn:wivd.

fifqo Id Xt. qrA
For uUta4ide•.': deo un-s •derably l.owner .f vahmene

were calrulated. Table E-.V sunarives the pertinent tatit

cealcilated for the chreo outaide detector itAcioci,.

E-40



TABLE E-V

Sunnary of Outside Detector Analysis Data
I

AnalysIs Detector Original. PF Ideal Intensity Ideal Combined
Structu're Location at Site of Reduction Factor Intensity

Detector Associated with Reduction*
the Detector Factor ()

ISu rface*I - -,Jm I

6-Floor Center of
Apartment Playground
Building(B) 1.39 .056 .019

Simunds Center o0
Preiis Stree
Bul ld-nI g (U) 1,40 .029 .001

Department C(OnPto- of
of the Interfor
Interior Court
Bl% i.Jing (H) 1.61 0 0

AA irA seen from this t.abln, the nuust ;ignificavt contributing

phine of contamiiation is thil ýlurfarki anro-,-. which the detector

1K lcated. By deconLtmninaitin that nurface alone, the

in,.enity can bh raduced by a iactor of 20 or more.

b. ParLktr" des:

(1) intro~duction•

Several paromantric studies were undertaken to provide

inferences regarding the relationship between intenaity

reductionT (duo to decontamirnation) and several factors

associtAed with the contaminated planes and the shielding

lhi:n is the f factor (perfect. decortte.-cnat.ion) amroclated tth outAide
detector locatioi j and the qurbi•:vc.e aborve twhich the detector [3 locnate,

(designated as surface i).
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afforded the detector. Both inside and outside detector

Ioc't:jons were considered. i
(2) &domMstioPns

For tha studies of intensity redaction indoors, a

ton-otory structure was hypothesized and a detector placed I
on each of the first five stories. In these cases, there

was no roof contribution to these detectors. One of the

basic purposes of this study was to deteramine which physical I
factors were most influential in determining the relative

.It rtance of the contr.iuting planes of contamination.

Au might be expected, the distance between the detector

and the contaminated plane weighs .aost heavily for the

detectors pomitioned ou the first anti second floors, For

the hdghor floors, thit factor was ILa. important, Inasmuch I
a8 tha. floors themselwves provided gome shielding frout theis

nearer contaminaLed planes. This is seen most ossily by

obnerv•ng (fr.-, vcsil.or, K belc.) that the f va b.eln for

I i 7 and 8 (rupr,•scating Oic two nearest platics) increaa r

fairl.y consistently as one ascends from floor to floor,

This is the cteae Iin all foiir Casbles (Titblo?& i.-VlYT thrnitghl

F-Xl of Section K).

One important fact heraild le noted: The f,* represenrt
i~ji.j ~

only the fraction o" inte!na~t rt~i~ o that f > f

does not imply t'hnt there in a higher inc,-nsit.y at detector _

J, on floor I than at j on Htoor 2. The detector at J2 iay

..A



have had a much higler intensity reading than the detector

at Jl' before plane i wns decontaminated. Thus, the

intensity after decontamination may still be higher at the

detector at J2 even though the fraction of iUnensity

remaining is less.

(3) Outdoor LocatLons

The parametric studies involving unshielded detoctors

placed on streets lined by buildlngr. (Section 1. below) led

to one rather interesting conclusion: The Intensity

measured in the center of a. qtreevt wil nor change appreciably

as (say) an unshielded person p(ees&i Oirough JtiL, r3ectionu

fir pas•pe by otl,-r ground- .loywl. plnnos to cnntd ua tL.uIY

(parking iota, playg roITdS, park., etc.). CornsiderIng only

'odt(1, 40 foat wide and 60 teet wide, thE calculated protectton

n.t.ors were a•..ys hbtween 1.47 and ',. 7". (•a Tables .- XII

througtih E-X). This it menns th#L t:he pa'ta t tack ]1i0'aer: oan

safely ,at 1.5 oýi: i.6 sa the protection factor A!forded

I L utdot ',',a Ot sE 4 s3to-tM .

i
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B. Six-Floor Apartmwnt Building

1. Discussion

This building is situated on the corner of two paved streets

and across the street from a school building and playground area.

Prior to an on-site inspection it was asaauned that the play~rolmd

was completely paved. However, a portion of the school ground has

been fenced off for a garden as is shonm on the map (Figure R-6) and

in the photograph (Figure E-13). The analysis which was accomplished

prior to the visit assunes that this area is paved and is a part of

the school playground, Inasmuch as this playground is directly In

front of the building housing the detector, it was included in the

toLal ground surface nrea to he decontaminated. The areas behind

Lihe building consistlvg i3rimarily of smaller stru.ctures, alleyways,

and a backyard, with many obstructions, wern. not considered suitable

for decontamination.

For a Cirrst-floor detector, if only Oht roof of the building A7

we"re dh~ro+.,, tr.~li mAhfelt onp-thtrd of the radiation intensity would ,1
be removed; if only the ground surfaces (streets and playground) were

decontaminated, about one-half of the radiation intensity would be

removed. If both of those areas (roof and ground) were decontaminated,

more than four-fifths of the radiation intensity would be removed.

2. alysis Data h"

(a) Address: 81 West 182nd Street
Bronx, New York City
New York

(b) Detector Location: First-floor (Three feet high)

E-44
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p t--pr • 1-I 1on Factor: PF - 45

(d) Docontamination Areas:

(1) Roof: 9918 sq. ft, tar paper surface.
(assumed equivalent to tar and gravel)

(2) Ground Level: 15,000 sq. ft. (asphattic concrete on
West 182nd Street)
16,00U eq. ft. (asphaltic concrete on
Aqueduct Avenue)
1.3,000 sq. ft. (asphalt on P.S. 91
playground)

(Roof - Area Number 1; Ground Level - Area Nwnbher 2)

S( .) Ideal Intensity Reduction Factors:

(1) Roof: f* - .641

(2) Ground Level: f .494

(3) Roof and Ground Comhined! FI N fl , + f 2,1 -. 13

(f) Cost and Effect.veness Data for Selected Methods on Individual
Areas:

Strategy Area Mass Intn~ifty Team Crew
Tdentifi- (Use Nos. Reduction Reduction Hours Dose
cation from (d) Paetor Factor of in
Symbol dbovc) (Ei) (dyIl) Effort Roentgens

1 1• .01 O645 1.42 14.2
FTC2 1 .03 .652 .71 7.1
FTG,3 1 .07 .666 .43 4.3

FTG4 1 .12 .684 .28 2.8
S9i 2 .04 .51.4 1.76 17.6
SS4 2 .15 .570 .44 4.4

VS1 2 .02 .504 1.76 17.6
SH1 2 .02 .504 .44 4.4

Fl 2 .02 .504 8,80 88.0

See Tables E-1 and F-TV for d,..cription of symbols.

G*Crew dub, in roentgens is calIc3lantd assuming decontamination at 11+.2 weeks

with an 11+1 reference intensity of 10,000 r/hr.

- E-45 -
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(g) Combined Strategies:

strate y Intensity Total Wkn-

identification eaduc•Lion RM'W 0I

Symbol and Area Factor, IL f1 twt f
P101-1 + S81-2 .159 11.69

P01-i + 71-2 .149 53.9
FT04-1 + V31-2 .184 3.72
P204-1 + 804-2 .254 2.40

I
I
I
I
I

- E-46 -



3. ni

FICURE 17-6. 10ocationl -Q fDcnan~pi~A~~

I Ground Ro'rSurface il

I S fit. hydant

W principal building

adjacent buildings

detector locat~ion i

Area i decontaintior, 11rea r-4I



4. M 8 hotogwp~ho QA the Aggocdated- Qm&Witeaue Burfaces

PIra 182

Fla= 2I

Wes 18ndStrot(Noe,.IaicdL~n coat
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FIGUJRE B-9

FIUR

Iii fSd A~lB leyA
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FIGURE P- 11

E-30

: • I

I

FIGURE• E-12 3

" • _---.. 1,-• -' -"3
"•" -•iI

View of Plavnround_ and Garden AreaI

(Note:; iron fence around garden) 3
- E-50 -



5. WLtside D~etector

I (a) Location of Detect=o.: In ctnter of playgrcurd acroos the

street from originat building stdied. (Thre. f*st off

I ground).

(b) Original 7F at site of detector -------------------- 1.39

I(c) f*Is for individual planes
f*. (pjygro- C, i.e., plane abo,,. ,•hih d•tector
12 11 locatd) --------------------------------- . 05.

* , Street in front of building ------------------- .963I ~2,2'

F2 ft12 + 12,2 1 1 .019

5.-

Ii

I

I

I - E-51 -
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C. Six-Floor Aoartancnt Buildtng I&
1. )iaeoueuioOn.

This building is typical of many multi-family dwellings located 3
in densely populated areas. It is surrounded by other buildings,

narrow alley@, and congested paved areas, In order to provide for

a complete decontamination operation, chese areas, particularly the

parkitg lot shown in Figure E-16, would have to be aeaod of packed

vehicles and other obstructions, In this Instance, however, all but

about one-fifth of the radiation intensity at tha second floor can bt

rsmovad by decontaminating the buildings roof, the paved alley, and

street directly adjacent to the building, The garage roof, parking

lot, and other paved areas account for an additional five per cent

of the radiation intensity. 3
2. An ly i ----

(a) Address: 362 West 52nd Street 3
Manhattan, New York City
New York

(b) Detector Location: Second Floor

(c) Normal Protection Factor: PP a 73 3
(d) Decontaminationi Areas:

(1) Roof (Printery): 2,400 eq. ft. composition shingle. ,

(2) Alloys: 1,400 sq. ft. asphaltic concrete (behind
building and garage). 3

(3) Road Area Directly in Front of Building: 6,000 sq. ft.
asphaltic concrete (West 52nd Street). I

(4) Parking Lot, Garage Roof, Road Area in Front of Parking
Lot: 9,200 sq. ft. (asphaltic concrete parking lot).

2,100 sq. ft. (composition shingle garage roof).
7,500 sq. ft. (asphaltic concrete road in front

of parking lot)

- E-52 - I
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(e) Ideal Intensity Reduction Factors:

(1) Roof (Primary): f 583

(2) Alleys: f * '774
2,1

(3) Road Area in Front ol Building: r31 "

(4) Parking Lot and kasociated Road Area, Garage Roof:
€f 4,1 .950

(5) AIl Decontamination Areas Cosbined:

F1 =1,1 + I 2, + f 3 , 1 + f 4 1 * 3 1 .143

(f) Cost and Effectivenesa Data for Selected Methoda on

Individual Areas,:

Strategy Area MaSS Intensity Team Crewi
I.inntifi - (Use Ntoe. Reduction Reduction Houra Dose
cation from (d) pactor Factor of in
Symbol* ubove) (E ) (f£,) Effort Roentgens

FC9l 1 .03 .396 .20 2.0
vCFJ3 L. .08 .61.6 o04 ,4
V91 2 .02 .780 .06 .6
VS2 2 .09 .794 .03 .1
8s9 2 .04 .783 .06 .
S93 2 .09 .794 .02 .2

SS1 3 .04 .843 .24 2,4

894 3 .09 .851 .06 .0V51 3 .02 .839 .24 2.4
V82 3 .09 .851 .12 1.2
VF2 3 9.84-1 .02 .2

S 3 .02 .639 1.20 12.0
F3 3 .07 .847 .24 2.4

(g) Counhined Strategies:

Strategy Intensity Total Mkn-
Identification Reduction Hours of
Symbol andV~rea Factor, FI Fffort

FCSI-1 + VSI-2 + VSI-3 .215 1f50

FCS3-l + VS2-2 + VS2-3 .261 .39
WV2-2 + VS2-3 .645 .15
SS1-2 + SS1-3 .626 .30
FCSI-1 + FI-3 .435 7.20
FCS1-1 + YP2-3 .,39 1.22

See Tables E-I and E-I for descriptiorn of symbols.I Crew Dose in roentgens is calculated assusing decontamination at H14-2 weeks

with an *+l4 rference int-nsitv of 1),0f)M r/hr.

I - E-53-



3. Ma-p

FIGURE E-13. )K_ D&aMtaMLnatiou ArLMa I

fit,
- - l leya #

I IGarage•' • • ~ -÷.- .

I g--

S fiye h~drante

LI] pri1ncipal building

S.... -. , adjaceent bu.ildinoe !

(Firp~t Floor DettvCtor)

I I~lfhhl
I~IAei I:IH decontamination area

-E-54-
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I *

I--

AVit" of xyrk&1ard-okun

I'

I

)

A_View of the Narrow Alley Behind Buildigni
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FIGURE E- 16

Vie g rram RofandP&U'IJ
TIOUR N-I

Vipy of marage toofadPrtLi
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FIGURE E-18
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D. Tweng:-9 S_2try, Off Lcem huldti i

twenty-one ,,oy-ofcbuilding situate OWN oti bu1• dt ....

which would provide considerable shieldftN teat radiatimo iubmmeity..

Tho fourth floor detebotot ts ufftticiently far from the To so 00 th a

none of the intensity received at the detector c s ftam fTC - •tf. .T--

Almost itl of the radiation intensity comesa trm the paed MedS Ri -an

and sidewalks directly adjacent to the building itualf. A asell part 5
of the intensity would cout frcmi the fsarden island araea in the oLddle-

of Park Avnnue. It. hi believed that this arena aomld not be deacati- S

n.ted eantly.

(a) Addreua: 310 Park Avanue 5
Manhattan, Now York •t•y
Nenr York

(b) Detector Loeation:t Fourth Floor - (Three ftdt off floor.)

(d) Decorntamination Areas:

(1) Park Avenua: 110,000 sq. ft;, saahltic oncrete, road I
and ement sideailk

12,000 sq. ft. asphaltic con•r•te road
and c•ment sidewalk.

(2) Other Roads: 42,000 sq. ft. apshaltic concrete road

and ce~ent sidewtak. f
(e) Ideal Intensity Redictito Factors

(1) Park Avenue: f* 3

(2) Otho'r Roads: f - .611

(3) All - mIurfacas 044

E- -58-
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f I 0 Ci~i~ 1 ~1aues Data for selecte4 m~ethods on

TndIvidual Surfaces

Strategy Art aras In""aity Tomn
Identif t- (UvQ Aos. -Aeductift .,d=Uatqn bA&CI ----

I
atio from (d) ?actwr fotor bf

S ._1_. .04 AM-. 4.U-

3S4 1. .15 $5,19 12'
SVSl 1 .02 .442 4,88 404

V83 1 .25 .57 , 1,5 1.2.2 .42

M41 1 .02 .442 1.22 11.2
1? 1 .07 .473 4, 0& A.6B

But 2 .04 .627 1.68 26.6
834 2 .15 1660 0.42 4.2
V81 2 .02 .619 1.68 16.1
V93 2 .25 .708 0.2 -2.2
H7l 2 .02 .619 0.42 4.2
P3 2 .07 .638 1.69 16.1I

(g) Cnmbined Strategies.

SOtrategy Intansity Total I*U-

Identification Reduction lAMav of
Symbol and Area FaItox?, 71 1ffoTt

S4- 4 + 554.A .18, 1.64
35l-i + $51-2 .083 6.56
NPI-t + 1'@1-2 .061 1.64
V3-1 + F3-2 .111 32.80

f

l *
See Tables E-1 aw.1 E-11 for description of symbboli

Crew dose in roentgens is calculated ssamiting decontamination at •*2 weeks
with an I{+ reference intensity of 10,0OO r/hr.

- E-59 -
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1lUE -20. ao~t ion 1~ f DWcOut1m1*tim &usj

* fire hydrant.

principal build ing

[~ ~J adjacent building

detector loeation I

deccottaminatiorn mrva
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4. Some Phot:g•gaphs of the Asaoctated . ,ontami.,ated Surfaces

FIG1U E-21

I a. w .o f I-I

I :au... oP atk Avemia(1m a n.IalauaI

widih n~,wda, in Cnter of hw~dl

fl- . .1 2 ... . . . . . . .

SView of •a't 4•,I, Street
I



FiGuRE E-23j

tU

View of -S Aeidewalkan Fir4MbMa &

East 49t I.tl
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E. General Dvestufa gorporation

1. DJsc i, I1

The General Dyestuffe Corporation to sixilar to the build1a i'i

Sectior. C in that a ga•age roof it one of the deoontsAmiatLon surfaces.

Here, this roof acemmts for more than one-tenth of the radiation

intensity on the fourth floor and is therefore distngaLiMhd" as a .

a•atIP.e deoontamination aroa in the analysis. 3
All brick pavensents were asisued to be equivalent to aspaltio

concrete when ettimtitng the effeotivenau of the deo'ntami on I
equipment.

2. Anlysis~

(c) Addressi 435 IUdson Street
4anhaktan, leow York City
New York

(b) Detector Locatlons Fourth Plocr

(a) Normal Proteotion Factor: I? - 126

(d) Deoontamination Areas:

(1) All Made: 110,000 sq. fit,

(2) Parkiig Lot and Ploayround 36,000 eq. ft.

(3) Roof of Adjacent Oarage: 4,000 sq. ft..

(e) Ideal Intensity Reduction Factore:

(1) Rode: f 123

(2) Psrking Lot and Playground:, f .99
£2 , .91

(3) Roof of Adjacent Garage: f * .*87

(4) Above Combined: F- .001

- E-64 - 3



tI
* (f) Cost and Effectivene.o IDaU for Selected Methods cn

i Individstal Areaa:

Strategy Area RasO Intensity Team Crew
I Ideutifti (Use No*. Reduction Reduction Hours Dose

cation from Wd Factor Pactor of. in e

Symbol above) () (f11) Effort Roentgens

gel I n4 .158 4.40 44.0
SS4 1 ,15 .255 1.10 1110
V1I0 1 1, 02 .141 4.40 44. 0
VS3 1 ,25 .342 1.10 11.0
F3 1 .07 .184 4.40 44.0
581 2 .04 .991 1.' 14,4
V91 2 .02 .991 1.44 14.4
MrlI 2 .02 .991 0.36 3,6
P1 2 .02 .991 7.20 72.0
FC8301 3 103 .890 .33 3,3
FC63 3 .08 .896 .07 .7

I (g) Combined Strategies:

Strategy Intensity Total Wan-
Identification Raduction Hours of
Symbol and Area Factor, F I Effort

S1 4 4 •S I-3,136 4:52
894-1 + 481-3 .145 3,08

F3-1 + FI-2 + FCS1-3 .065 59.j8
SS1-1 + FCS1-3 .048 6.38

!

See Tables E-I and E-II for description of symbols.
**Crew dose in roentgens is calculated anetning decontAmination at H+2 weeks

with an H+1 reference intensity of 10,000 r/hr.

F--65 -
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4. Some &phtojgra~hs of the AssociLatd Contaminated Surf~ceu I
FIGURE E-28I

nI

Law

pluga:d sewer)daln

I F~Gma



FIGURE B-30

Plasyhlt&LaoeW ins in cn hter
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This ýuilring insurroundod by Itarac pgvod 4*rtae ii~ch could

Ga*.&ty bo d-OcOYctfiinatad, About b1olt Ot the radiation Inteality q

the second floor could be rtcoved by decontamination of the pawd*'

Sroutnd-level areas arour4 the building, A .amiate doecntauation ,

of the root and the pavad areas neav the buL1.ding would remove. e•o

than 95% of the radiation intnasity. -

2.

(a) Addreu•ut Dnnntt Otreet 3
Boston, Maseachusetto

(b) Detector LovarIont S~econd Iloor (Three feet off 410air)

(c) MormAl rrotectLon Factor. F•F 116

(d Doecontamin at ion AaiI

(1) Rouads: 5,000 sq. Ct. (asphaltics conarete)

(2) Farkittl lAt: 10,000 sq, ft. (apphalt) .

(3) playgrmusidt 23,?50 eq. ft, (asphalt)3

S(4) of, 4,700 sq, t. (**xund to be t ar &W- pavvl .

(0) Ideal. Mntonity Reductron eftet•L&or: 3
(1) Roodls: f1 .948

(2) Parling Wt, f A ,789
21

(3) P'layground: £3,1 7 "7

(4) Roof: f41 5 .b13

(3) Grotmd Area. (1,2,3): F, - .•4

"(6) All Area. (1,2,3,4): F- .017
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U (f) ~~~~C~ont and EfIfect~iveneas Data for 8uw1ec~i 4ted na

I Individual Areas:

Strategy Area Masa Lnteavi ty Tiam C,•*V
Identifi- (Use Nos. Reduction R~dUetift Hours Dust
cation* from (d) Factor Factor of th-

NV'. 3. .0n. .949 .05 .5
S383 2 .09 1808 .13 I'
V83 .25 .842 ,JO 1,0
my). 2 .02 .793 ,10 1.0
,S3 3 .09 .788 .31 3.1.I•.'S 3 .04 .776 ,95 9.5
'133 3 .2I5 .825 .24 1.4

7(51. 4 .03 .'538 .39 L$9I'CS3 4 .08 ,55Z .07 ,7

(g) Canmblino Stratrip.Les

Strategy Intmno Iry Total am-
ICIt.i E it 0on Ructi't ftm of
Sym~bol. and Area Factor, P. Iffoft

VSM-2 + VS3-3 .667
MS4-1 + V93-2 + V83-3 .621
ss.1-3 + S3S3-2 .596 ,44
MP4TP-1- + Mil-2 + MFl-3 . 314 ,39
Fch l- 4 .528 2.14
S.,-1-- SS3-2 + S53-..3 • PS3-4 .092 .9

See Tables E-1. and E-I for doicTiption of aymbols.
-AtCrtyw doae in roentgens in calculated assuming decontamtnatica i At *1"2 weeks

with an 1IFl reference inte•naity of l0,000 r:hr.
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-~ 1 -7 -'I -7.

- 'ifuL

principa buidin
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4. 'Somie Photojzraphe of the Ass *~ato o i e ufc

FIGUJRE E- 35 x GR E- 36

"ic~ of Bul 1ding frcm, Benniett Street



I7

G. SlW~ORade Proes ftUidk&

Here, the otecectrto~ ~ locatedi in the basement of tho Simonds ftemss

Building. Because the detector is located below the ermur leyIn

almost all (89 per cent) of the radiation intensity come frus the roof. 3
The five degree pitch of the roof and the sharp incline of Kly Utr't

might provide excellent drain-off for wet decontamination methodl.

2. fta~lYIsi hDB I
(a) Address: 37-49 South Avenue

Rochester, New York [

(b) Detector Location: lasoment

(c) Iormsai. Protection Factera 17 i 47

(d) Lkconrutamin tion Areas:

()RoaE; 10,0M0 sq, ft. (ccepositimi shtagle 5P pifteh)

(2) Gro•u•id Loyl: 25,G0 sq. ft. (aspfoltic cas ote -
South Avenue)

8,930 sq. ft. (brick - South IWaEer Street)

2,800 sq. ft. (asphaltic concrete - parking

lots)
880 sq. it. (ia~phal~tlc ,:.onerote Z l~y

qt]:oet ioxtenoi on).

• IJ'..I LiL&afi!Ly Reductian F. torz:

(1) Roof: f '" .311*
(2) Ground Level: f . 96

(3) Roof and Ground Comhbnedi F1 = .007

-F-74



(f) Cast ad ERtfectiveness Pat& for Sal.etad Methods an

Lnivitdai Areas:

Strategy Area aiss Intensity T6 C"W

Identif•- (Use mors. Reduction eductt4n 2rs Do"
catia% fro (d) Factor Factor Of Is /
Symbol above) (B 1) (f ij) Ifftr ee"

FCSl 1 .03 .138 83- 8.3
FC83 1 .0 .182 .17 1.7
F3 2 .07 .903 1.58 15.8
1Q2 2 .04 .900 .12 1.2

yb-a (g) Combined StraLegies:

Strategy Intensity Tap& aw•Identification kductia mom of

S Symbo)l aif Area Factor, Fl Ifovt

FGSI-I + MF2-2 .038 4.U8
I FCS3-1 + M4.,-2 .082 1.22

FCS3-1 + F3-2 .085 t.92
FCS3-1 .138 4.00

I

1*

See Tablen F.-I qnd F-tT for desc•iption of avTboe.

Crew dose in rocnt,,ns is calculated ai.smwix.x d•to•tLeLtion am f+2 weeks
with an 1I1 refe.-nce intensity of 141,"A v/hr.

-!?
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4. Some Photographs of the AssociLated CctnrtrninTsd Szfac

FIGURE E- 39

13,4

' T"~ Inr r. C S'7



FIGUJRE E-401
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IH. Deartment of Interior

1. Discussion

The original protection factor of this building on the

third floor it quite high. Furthermore, most of the intensity would

be from fallout in four inner court areas ("a map, Fiuure 9-42).

If the inner courts are decontaminated, aluost 99 per cent of.

all radiation ixtenslty is removed from a location in the renter of,

the court itself.

2. Analysis Dota

(a) Address: 18thi and C Streets, S. V.
Washington, D. C.

(b) Detector Wocation: Third Floor

(c) Normal Protection Factor: PF - 1090t

(d) Decontaird.nation Areas.,

(1) Interior Courts: 23,400 sq. ft. (astfimed to be con~rate)

(2) Roads: 800 sq. ft. (assamiud to be asphaltic coerate.-
19th Street, N. W.)

1200 sq. ft. (assumd to be asphaltic concrete -
18th Street, N. W.)

(e) Ideal Intensity Reduction Factors:

(1) interior Courts: flE .392

(2) Roads: - .818

(3) Courts and Roads Comnbined: F- .210

Sub-section 4 not included in this section inasmuch es no phottygxlphH were.

ovailable.
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I
M(f) Cost and Effectiveness Data for Selected Methods on

Individuas burraces:

Scr- tegy Area Haas Intensity Team Crew

Identil[':- (Use Non. Reduction Reduction Hours Dose
ca tion from (d) Factor Fact•or of in
Symbole above) (I d (fi) Effort RoentgensI -~-__ _

FI1 .02 .404 4.68 46A
F3 1 .07 .434 .94 9.4
F1 2 .02 .822 2.02 20.2
F3 2 .07 .831 .40 4.0
mF2 2 .04 .825 .01. ..1
VM3 2 .25 .864 .02 .2'?

, .15 .845 .02 .2

W() Combined StrateBies

nStrnrogy Itcn•ity Total Hsn-
Identi f.ea tion Raduction Houra of
Symbgb l Ind Areta Factor, Y ffo.t

FI-i + FI-2 .226 33.40
F3-1 + V3-2 .265 6.70
Fl-1 .404 23.40

I

*Sce Table, F-I and E-I1 for description of symbols.

Crew dose in roentgens is calculated assumiog decontamination at H1+2 weeksI with tn H+-I-I rfr.ence intenrity of 10,000 r/hr.

I

--E-AI -
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il:IOLIE E-42, Locatiun Mai of Decor, tamnC.nation Area~s
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S5. hOutside etes:tor

(a) Location of Detector: The center of any of the interior

I court se ttiona.

(b) Original N' at site of detector ------------------- 1.61

(C) F2 for court - 0 (all of *the dome rate coatributionw comes

J fron fallout in the court itself).

E-83-
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1. A Three-Story Department Store BuildfnR

I. ýL scussion

This three-s' ,ry building can be effectively decontaminated,

All but about one-one thousandth of the intensity reaches the

second-floor detector from the roof and the streets in front of

and on two sides of the building. There are no narrow alleyn,

trees, or other sources of stray contamination in the area.

2. Apglysis Dbato-

(a) Addresi: 619 Main Street
Hounton, Texas

(b) Detector Location: Second Floor

(c) Normal. Protection Factor: P • 26

(d) Decontinination Areas:

(I) Roof: 9,400 sq. ft. (a.omed tar and gravel)

(2) Roads: 68,300 sq. ft. (assumed asphalckc conceate)

(r) Ideal Intensity Redtirton Fnctorn:

(1) Roof: f, ..382

(2) Roads: f2,1 " .b19

(3) Roof and Roads Combined: F .001

1.- 8 4
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(f) Cost and Effeetiveness Data for Selected Methods

I and Individual Surfaces:

Strategy Area mass Intensity Team Crew
Identif t- (Use Nos. Reduction Reduction Hours Dose
cation* from (d) Factor Factor of in
SSy)bol above) (E 1 ) (f Effort Roentgen.

F'GI 1 .01 .388 1.34 13.4
FTC4 1 .12 .456 0.27 2.7
s8 2 .04 .634 2.73 27,3

S54 2 .1.5 .616 0,68 6.8
V92 2 .09 .653 1.37 13.7
1MFI 2 .02 .627 0.68 6.8
MF2 2 .04 .b34 0.20 2,0

S(g) Combined Strategies:

Strategy Intensity Total Man-
Identification Reduction Hours ofSSymbol and Arent Factor, F 1 Eff~ort

FTG4- ]. + S8.4-2 .132 2.57
FIX;. 1 ]. + 8101-2 .022 12.11

i-+ +'1" 2 .015 10.06
F'.04 - I + VS2-2 .109 3.26

See "',bl E-T and 11-I1 for a dpscrititi cw, of synibols,
r ,a roen, n i- r:.Ockted a-m.inBni decontamination at M1-2

. : - .i Ip-1 -, fi rA i! !cn.Itvy of 10,C0 tj r/hr.

E-85
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FIGURE E-43. Location Vkv of Decontaminationl Areas
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(e) Ideal Intensity Reduction Factors:

(1) 4th Floor Roof: f .732

(2) 14th Floor Roof: f .885

(3) Roads.: f .843
3 1

(4) Parking Lots; f£, 1  .870

(5) Grass Lawns: f*, 1  .992* 50

(6) All above: F1  .322

(f) Coat and Effactivaeans Data for Selectud Nethods on

Individual Surfaces:

. SLrate~y Area iam Intenaity Teas ftreW

YJantifi- (Use Has. Reduction Reduction Hours Do$e
cation* from (d) Factor Factor of in •
Symbol above) (EK) (f 1ij) Effort *ent=en6

FCSl 1 .03 .740 .59 3.9
FC83 1 .08 .753 ,12 1.2ICS1 2 .03 .888 .06 .6
FC63 2 .08 .894 .01 ,1
891 3 .04 .849 8.04 80A4
3S4 3 .15 .867 2.01 ku..1
VS2 3 .09 .857 4.02 40.2
MF2 3 .04 .849 .60 6.0
99i 4 .04 .875 2,92 29.2

I 884 4 .15 .890 ,72 7.2
VS2 4 .09 .882 1.44 14.4
M4F2 4 .04 .875 .22 2.2

(g) Combined Strategies:

Strst&egy Intensity Total Mat..

Identification Reduction Hours of
Symbol and Area Factor, V1 Effort

FCS3-1 + FCS3-2 + VS2-3 + V5 -4 .386 8.70
FCI-1 + FCSI-2 + VS2-3 + VS2-4 .367 9.36
FCSl-t + FCS1-2 .628 3.90
HF2-3 + MF2-4 .724 0.82

See Tables E-I and E-II for a 6escription of symbols.
*." Crew dose in roentgens is calculated assuming decontamination at H+2

weeks with an. H+l reference inteusity of 10,OO r/hr.
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4. Somie IPhotOgravu 1102 et is()Mo Contaud~ad ýSuaceSf

FIGUR~E E-48

Viwo ulixfo leSre
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FIGURE E~-49

View of the-Building from 10thl Street and Chestnut Street

FIGURE E-50

View of the Building from 11th Street



I
K. Fictittous Building - Parametric Studg!

u 1. Discussion

This study is included in order to analyze the effects that

certain physical parameters have on the intensity reduction of

decontaminating a variety of individual contaminated planes. For

this study, a fictitious ten-story structure was conceived, and a

detector was placed on each of the first five floors. These detectors

are centered in the building as is shown on the map (Figure E-51).

They are three feet from the floor in each case. The map also shows

the individual surfaces which can be decontaminated. Table E-VI

assigns a Surface Number to each of these potential contaminated

pletles.

Table E-VII shows all of the pertinent building data necessary

to calculate the reduction of radiation intensity due to removing

j all of the contamination from any single contaminated plane. Tables

E-VIIl through E-XI show the f values for all of the parametric

studies. These studies are designated Parametric Studies I, II, 11,

Iand IV. The conclusions drawn from these tables are included in

Section A-3 of this chaptur. The f £, factor is simply the fraction

I(if radiation intensity remaining at the detector on floor j when

the contaminated plane referenced by Surface Number i is decontami-

n�nated perfectly. The original residual number and PF associated with

each detector are also shown on Tables E-VIII through E-XI.

I - E-93 -
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3.

FIGUJR E- 71. Loc~ation MAP of Par -~etj~ic SLUdY
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TABLE E-VI

Design on 2j _Srfaces which Scan be NkcontaMina•ed

I Surface Nu!bhr (See Figure 2-44) Description

1 9 story building north of detector location (120 ft. x 60 ft.)

1 2 3 story building east of detector location (120 ft. x 60 ft.)

3 2 story building south of detector location (120 ft. x 60 ft.)

4 6 story building west of detector location (i2u f. x 60 ft.)

5 40 ft. wide road west of detector location

6 40 ft. wide road east of detector location

17 40 ft. wide road south of detector location

8 20 ft. wide alley north of detector i, ntion

1 9 Parking lot in NE corner

10 The three unpaved fields

All pavement in thc intersections are considered part of the

two north-south roaduayg.

I
!
I

I
i
I -E-95 -

I



I

TABLE E-VII i

Buildile Data for HUnothetical butldiJ. %

B ld Dta for Parametric Studies 1 and III Ia

I. number of stories .................. -------- 10 (detector located on 3
first five floors)

2. number uf azimuthal sectors ----------------- 12

3. total heigh.t of building -.------------------- 100'

4. height of each story -------- 0'-------------- lot

5. roof weight ---------------------------------- 60 paf

6. exterior wall weight ------------------------ 80 pof I

7. windows: Gill height ----------------------3' 3
top of window height ....-.......... 8

(window widths total to about 50% of the extetior wall width)-• -

8. building dimensions --------.----------------- 60' x 120'

9. Floor veights are shown on individual charts. 1
Building Data for PArametric Ot'dv IV. 3

This building is like that for studies I, 1I, and III except for

the following: 3
1. The north wall of the building has no windows

2. The west side of the detector has additional protection from U
an interior partiLion (10 pef). 1

I
S- ° " I
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TABLE E-VIIIIj *

The f Values for Parametric Sway ii. I
I Parametric Study I: All Floor Weights - 37 puf

I Values of f

floor j 1 2 3 4

Surface
number i

II
2 1 1 .999 ,.965 .955

I 3 1 .998 .930 •921 .918

14 1 1 1 1 1

5 .803 .849 .885 .913 .919

6 .787 .826 .860 .847 .874

7 .795 .797 .795 .984 .844

1 8 .843 .899 .951 .957 .972

9 .956 .930 .912 .958 .920

I 10 1815 .731 .684 .880 , 99

I ori.g±;•s1

residual original
floor (J) numbý'r PF

1 .0322 31.07

2 .0265 37.71
" 3 .0234 42.79

4 .0225 44.42

5 .0209 47.88

See Table E-VII
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TABLE E- IX

The f .j ,ilues for Parametric Study le

Parametric Study II: All Floor 1oights 17 pef

Surface floor J 1 2 3 4 3

nunber i

2 1 1 .998 .970 .9 "

3 1 .996 .941 .902 .901

4 1 1 1 1 1

9 .805 .859 .891 .924 .910

6 .788 .835 .869 .684 .894

7 .790 .797 .810 .837 .N9O

8 .848 .891 .9'1 .971 .976

9 .956 .928 .901 .905 .913

10 .814 .695 .635 .645 .676

oriirgil
residual originatl

floor (J) number PF

. .0340 29,37

2 .0352. 28.38 1
3 .0289 34.57

4 .0282 35.50

5 .0270 37.08

Scc Table E-VII

- E-98 !
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I

I
TABLE E-X

. w... fCw P:irafnetric Stuudv III

Parametric Study III: All Floor Weights 57 psf

floor j 1 2 3 5

Stir fnce
number i

I 1 1 1 1 1

2 1 1 .999 .-961 .961

3 1 .999 .923 .934 .931

4 1 1 1 1 1

5 803 .843 .881 .906 .911

6 .786 .819 .855 .855 .860

7 .797 .797 .785 .821 .B27

8 .842 .906 .950 .965 .969

9 .957 .931 .920 .924 .925

10 .816 .703 .703 .703 .715

original
re1hdunl original

Ilor (A) number PF

1 .0315 31.73

.0226 44.21

3 .0209 47.79
4 o200 49. 98

.018.2 55.03

S-, T"bl.d I-VI I
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TABLE E-NI3

INe f Values for Parametric Study IV
tj

Parametric Study IV: All Floor W~ights = 37 psf I

floorj 1 2 3 4 5

Surface
number i

I 1 1 1 8

2 1 1 1 1 .998

3 1 .999 .936 .910 .941

4 1 1 1 1 1

5 .879 .893 .91.4 .931 .932

6 .791 .81B .869 .891 .887

7 .737 .734 .737 .772 .793

8 .838 .917 .965 .979 .986

9 .951 .923 .908 .910 .957

10 .817 .694 .680 .658 .657

original
residiual originn I

floor (.) number PF

1 .0317 31.51

2 .0250 39.98

3 .0221 45.33

4 .0200 49.88

5 .0175 57.29

.e Table E-VII
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Uns;hictded D,,t:ctor on SLreets - Parametric Study

i 1. Straight Rad

Table E-XII shows cumputed protection factors [or persons

standing in the middle of an asphalt street as ohown in Figure E-45

for various widths and lengths of contaminated roadway. All of the

radiation intensity at ýhv point Is received from fallout on rhis

single piece of road (i.e. , within the areas designated in Figure

E-52. This would be the case if buildings lined both sides of the

street.

TABLE E-XII

.Iaulvalent PF Obtained by RemoQvin all

Contoalnatlon EC ept on Stra!iht Road.

Lengt:h (feet) Width (feet) PF

1000 bo 1,57

200 60 1. 57

100 60 1.59
SO V•0 1.71

1000 40 1.67

200 40 1.67

100 40 1.68

40 1.19

IIGUR( E- 52

SLraiijgt Road

Bui Idings

S" g v-d th
I Deiecetor

S-71-7-7 -- -7-7T---7 -7 " 7 /7 /7-T77,- -,-7-2- "- /
B11 i I d i lig S

"l; prl. lold -,Ii '5P: I ors ll %•r.'.v J1" 1 as, ociated with asphol;L.

1- 101 ý



T-!ble F-XTIT shovrE cormputed protection lacLors foL p'-

P-tandl•ok. in a T - sh!1pr.l e. Lret I . - -on an show in riglure

E-53 (or various lengthb ,vod wzl.w -j. the |n:.&ýrsncting toads.

TABLE. E-XIII

Egjivalsnt PF Obtainqd by Removing all ContaMLnatign

Except that on T - 81hadIntersection

Length LI (feet) Length L 2 (feet) Width (feet) PF
_Both Streets

530 1000 60 1.54

100 1000 60 1.54

50 1000 60 1.55

0 1000 60 1.57

50 200 60 1.55

50 100 60 1.56

50 50 60 1,57

500 1.000 40 1, 63

100 1000 40 1.63

50 1000 40 1.64

0 1000 40 1.67

FIGURE E-53

T-.Shaned Street yIntersection

B1" iIdina --- Buildings

L1L"
DcwectoI d th
Loc a t i

TP.-#,'T-" 7 // / 1 '7'-- '•t l •-' #7 s 1 .'• • !ii -

L Bui ldinxgs
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3. Full Four-way Street Intersections

Table E-XIV shows computed protec- ion £d..u.l , #-•uns san.d,.ng

in the center of a full foitr-way inter --. tion for va:--.ius -oad wicOchs

and lengths as designated in Figure L 54.

TABLE E-X!',

Equivalent PF Obtained by Removing all Oontamination

Except that on Four-way Intersection

Length L1 (feet) Length L2 (feet) Width (feet) PF
Both Streets

1000 1000 60 1.47

1000 200 60 1.47

1000 100 60 1.50

1000 60 60 1.57

1000 1000 40 1.50

1000 200 40 1.51

1000 100 40 1.54

1000 40 40 1.67

FIGURE E-54

Full Four-way Intersection

Buildings - Buildings

Buildings Building

- ,: 1

_. t : • Detector wit

S2

Buildings - - Buildings
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4. lVica_, rrtectuion Factors of Unshfielded Detectors on Streets 5
Table T,-XV shyjH ',,-4 typi:al protection factors afforded to

ut~leldcd Thdl'_d 'Juals iocated 'a the center of various itreets and 3
intersections. These values were selected from the preceding sections.

TABLE E-XV

Equivselnt PF from

Typical Contaminatcd Streets

Road Width (feet) Detector Location PF

60 Center of Straight Road 1.57

60 Center of T - Shaped Intersection 1.54

60 Center of Four-way Intersection 1.47

40 Center .)f Straight Road 1.67

40 Center of T - Shaped IntL-section 1.63

40 Center of Four-way Intersection 1.50

All roads are assumed to be asphalt and are lined with sufficiently tall
buildings so that all of the contributing fallout iS on the street itself. i
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